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REVISED FORTRAN PROGRAM FOR CALCULATING VELOCITIES AND STREAMLINES
ON THE HUB-SHROUD MIDCHANNEL STREAM SURFACE OF AN AXIAL-,
RADIAL-, OR MIXED-FLOW TURBOMACHINE OR ANNULAR DUCT
II - PROGRAMMER'S MANUAL™
by Theodore Katsanis and William D. McNally
Lewis Research Center

SUMMARY

A FORTRAN-IV computer program has been developed that obtains a detailed sub-
sonic or transonic flow solution on the hub-shroud midchannel stream surface of a
single blade row of a turbomachine. A solution can also be obtained for an annular duct
without blades. The flow must be essentially subsonic, but there may be locally super-
sonic flow. The solution is for two-dimensional, adiabatic shock-free flow. The blade
row may be fixed or rotating, and the blades may be twisted and leaned. The flow may
be axial, mixed, or radial. Upstream and downstream flow conditions can vary from
hub to shroud, and provision is made for an approximate correction for loss of stagna-
tion pressure. Viscous forces are neglected along solution mesh lines running from
hub to shroud.

The present program is a revision of a previous program and this report super-
sedes NASA TN D-7344. The primary revisions are to extend the program to handle
nonaxial flows without restriction, to handle annular ducts without blades, to allow for
any specified streamwise loss distribution, and to make numerous detailed improve-
ments for more accurate and efficient calculations.

The basic analysis is based on the stream function and consists of the solution of
the simultaneous, nonlinear, finite-difference equations of the stream function. This
basic solution, however, is limited to strictly subsonic flow. When there is locally
supersonic flow, a transonic solution must be obtained. The transonic solution is ob-
tained by a combination of a finite-difference stream-function solution and a velocity-
gradient solution. The finite-difference solution at a reduced mass flow provides in-
formation that is used to obtain a velocity-gradient solution at the full mass flow.

The program is reported in two volumes, with part I as the user's manual and
part II as the programmer's manual. This report, part II, contains all the information
necessary to understand the operation of the program. It explains the overall program
procedure and gives a detailed description of all the subroutines. There is also a
dictionary of variable names and a complete program listing.

*Supersedes NASA TN D-7344,



INTRODUCTION

The design of blades for compressors and turbines ideally requires analytical
methods for unsteady, three-dimensional, turbulent, viscous flow through a turboma-
chine. Clearly, such solutions are impossible at the present time, even on the largest
and fastest computers. The usual approach at present is to analyze only steady flows
and to separate inviscid solutions from viscous solutions. Three-dimensional inviscid
solutions are just beginning to be used with the present generation of computers. How-
ever, they use excessive computer time. So at present, inviscid analyses usually in-
volve a combination of several two-dimensional solutions on intersecting families of
stream surfaces to obtain what is called a quasi-three-dimensional solution.

Since there are several choices of two-dimensional surfaces to analyze, and many
ways of combining them, there are many approaches to obtaining a quasi-three-
dimensional solution. Most two-dimensional solutions are either on a blade-to-blade
surface of revolution (Wu's S1 surface, ref. 1) or on the meridional or midchannel
stream surface between two blades (Wu's S2 surface). However, when three-
dimensional effects are most important, significant information can often be obtained
from a solution on a passage cross-sectional surface (normal to the flow). This is
called a channel solution (fig. 1).
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Figure 1. - Two-dimensional analysis surfaces in a turbomachine.



In this report a solution to the equations of flow on the meridional S2 surface is
carried out. This solution surface is chosen when the turbomachine under considera-
tion has significant variation in flow properties in the hub-shroud direction, especially
when input is needed to use in blade-to-blade calculations. The solution can be obtained
either by the quasi-orthogonal method, which solves the velocity-gradient equation from
hub to shroud on the meridional stream surface (ref. 2), or by a finite-difference meth-
od, which solves a finite-difference equation for stream function on the same stream
surface. The quasi-orthogonal method is efficient in many cases and can obtain solu-
tions into the transonic regime. However, there is difficulty in obtaining a solution when
blade aspect ratios are above 1. Difficulties are also encountered with curved passages
and blades with low hub-tip ratios. For such cases, the most promising method is the
finite-difference solution, but this solution is limited to completely subsonic flows.

Finite-difference programs for flow on the midchannel surface of a turbomachine
have been reported in the literature. However, many of these programs are proprie-
tary or are of limited generality. The program reported herein is very general and has
been thoroughly tested and refined as the result of extensive usage at the Lewis Research
Center. '

The program described in this report uses both the finite-difference and the quasi-
orthogonal (velocity gradient) methods, combined in a way that takes maximum advantage
of both. The finite-difference method is used to obtain a subsonic-flow solution. The
velocity-gradient method is then used, if necessary, to extend the range of solutions into
the transonic regime.

A computer program called MERIDL has been written to perform these calculations.
This program is written for an axial-, mixed-, or radial-flow turbomachine blade row,
either a compressor or turbine, or for an annular duct. Upstream and downstream flow
conditions can vary from hub to shroud. The solution is for compressible, shock-free
flow or incompressible flow. Provision is made for an approximate correction for loss
of stagnation pressure through the blade row. The blade row may be either fixed or ro-
tating, and the blades may be twisted and leaned. The blades can have a high aspect ra-
tio and arbitrary thickness distribution. The solution obtained by this program also pro-
vides the information necessary for a more-detailed blade shape analysis on blade-to-
blade surfaces (fig. 1). A useful program for this purpose is TSONIC (ref. 3).
Information needed to prepare all the input for TSONIC is calculated and printed by
MERIDL.

The MERIDL program reported herein is a revision of the program described in
references 4 and 5. Two types of changes were made: first, extensions tothe capability
of the program to handle cases beyond those originally offered; and second, revisionsto
improve the accuracy and reduce the run time of the program. Although the input form
has been extended to handle additional input where required, any input that was satisfac-



tory for the original MERIDL program is still satisfactory for the revised MERIDL pro-
gram. The following list itemizes the major extensions and revisions to the program
(additional internal changes are also documented in this report):

(1) The program has been extended to handle nonaxial flows without restriction as
to the direction of flow.

(2) The program has been extended to handle an annular duct without blades.

(3) The program has been extended to permit the user to specify an arbitrary
streamwise distribution of loss within the blade row. This is in addition to the original
provision for hub-to-shroud loss distribution.

(4) The program has been modified so that the blade thickness can be specified pre-
cisely by a set of tangential thickness coordinates. The original program required
specification of thickness normal to the mean camber line on an input blade section.
This normal thickness was influenced by blade lean, camber, and nonparallel blade sur-
faces and was difficult to specify accurately for some blade shapes.

(5) If desired, the leading- and trailing-edge mean camber line tangent angles can
be specified as input. This simplifies the specification of some blade shapes.

(6) Output quantities have been added to station-line output to give absolute velocity
components and to give static as well as absolute and relative total temperature, den-
sity, and pressure.

(7) Several informational messages have been added to the output.

(8) Additional error messages have been provided.

(9) Upstream and downstream boundary conditions have been changed to give im-
proved convergence and a better quality solution near these boundaries.

(10) Interpolational and calculational procedures near the leading and trailing edges
have been improved to give better convergence and smoother solutions in these regions.

(11) Numerous small changes have been made to improve the accuracy and reduce
the run time of the program.

The MERIDL program has been implemented on the NASA Lewis time-sharing
IBM-TSS/360-67 computer. For the numerical example of this report, storage of var-
iables required 60 000 words for a 21 X 41 grid of 861 points. Variable storage could
be easily reduced by equivalencing of variables or by using a coarser mesh. Storage
requirements for the program code depend on the computer system and compiler being
used. Run times for the program range from 3 to 15 minutes on IBM 360-67 equipment.

The MERIDL program is reported in two volumes, with the user's manual presented
as part I in reference 6 and the programmer's manual presented as part II in this report.
Part I contains all the information necessary to use the program as is. It explains the
method of solution and gives a numerical example to illustrate the use of the program.
Part I describes the method of analysis and the input and output, gives a numerical
example, and derives the mathematical equations used (in the appendixes). This report,



part I, contains all information necessary to understand the operation of the program.
It explains the overall program procedure and gives a detailed description of all the
subroutines. There is also a dictionary of variable names and a complete program list-
ing. The appendixes explain the numerical techniques used and derive certain numer-
ical algorithms.

OVERALL PROGRAM PROCEDURE

This section gives an overall view of the program calculational procedure. The
next section should be consulted for the detailed program procedure. Reference will be
made to the proper section or appendix for the equations and their derivation or for the
numerical techniques used.

The main program guides the overall flow of the program. All the principal sub-
routines are called by it. Figure 2 is a flow chart of the main program. The first step
is to read and print out all the input data. This is done by the subroutine INPUT. Up-
stream and downstream flow conditions can be given either as a function of the stream-
line or as a function of radius. For program calculations, both the stream function and
the radius are needed. Subroutine INPUT estimates values of either stream function or
radius, whichever was not given as input, based on the area distribution. These values
are later adjusted with e~ch iteration. INPUT also calculates tangential blade thickness,
if it is not given directly as input. The next step is to call subroutine INPLOT, which
plots all the upstream and downstream input flow variables as well as the input blade
sections from hub to shroud.

The next subroutine is MESHO, which calculates the coordinates of the orthogonal
mesh in the solution region. After this, subroutine PRECAL is called to calculate those
quantities that remain fixed throughout the calculations. These quantities include the
s and t mesh coordinates, hub and shroud wall curvatures, and leading- and trailing-
edge z- and r-coordinates at horizontal mesh lines. Subroutine PRECAL also calls
THETOM and THIKOM. Subroutine THETOM calculates 26/9s and 26/0t at the orthog-
onal mesh points. (All symbols are defined in appendix H.) These partials are used
later to calculate the biade flow angle B8 and the tangential velocity W9 after the me-
ridional velocity Wm has been calculated. Subroutine THIKOM calculates the tangen-
tial blade thickness ty at the orthogonal mesh points. Finally, PRECAL makes cor-
rections in mass flow, wheel speed, and whirl for the reduced-mass-flow solution if
the full-mass-flow solution cannot be obtained directly (i. e., when REDFAC < 1.0).

Next subroutine MEPLOT is called to plot the meridional plane view of the blade
and passage and to plot the orthogonal mesh. Then subroutine INIT is called to initialize
array variables as required for the first iteration. Most variables are set either to
zero or to some value that will avoid division by zero later on.
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At this point, everything is ready to solve the stream-function, finite-difference
equations. These equations are nonlinear. They are solved by an iterative procedure,

with two levels of iteration.

The inner iteration solves a linearized equation, and the

outer iteration makes corrections to the linearized equation so that the solution con-
verges to the solution of the original nonlinear equation.
called to obtain the solution to the linearized equation: COEF, SOR, LOSSOM, and

NEWRHO. Then there are four subroutines to print and plot this information and pre-

There are four subroutines




pare for the next outer iteration: OUTPUT, INDEV, SLPLOT, and SVPLOT. Calls to
these eight subroutines are repeated until convergence is obtained.

Subroutine COEF calculates the coefficients of the finite-difference equations.
These coefficients are derived in appendix A. Because of the sensitivity of the calcula-
tions to the value of a(rve)/ ot, this value is 'damped from iteration to iteration. Thus,
only a portion of the predicted change in value is actually used. This portion is speci-
fied by the input value of DNEW.

Subroutine SOR solves the finite-difference equations for the stream function u
by successive overrelaxation using an optimum overrelaxation factor (ORF). This is
the inner iteration. The optimum overrelaxation factor is calculated by subroutine SOR
on the first iteration.

Subroutine LOSSOM calculates the ratio of actual to ideal relative stagnation pres-
sure downstream of the blade and then distributes the loss linearly, or as specified by
the input, through the blade row from the leading to the trailing edge, or through the
annular passage if no blades are present. The method of making loss corrections is
discussed in appendix D of part I (ref. 6).

Subroutine NEWRHO calculates velocity components at each mesh point by differ-
entiating the stream function numerically along the orthogonal mesh lines. These values
are used to calculate new densities at each mesh point. When whirl is not given as in-
put, NEWRHO also makes reinitialization calls to readjust the estimated values of
stream function to go with the input temperature, density, and tangential velocity (ap-
pendix B). Subroutine NEWRHO also calculates values of ¢ and ¢ (egs. (A1) to (A3)),
at the mesh points, to be used in COEF on the next iteration. And NEWRHO checks the
relative change in velocity from the previous iteration at each mesh point. The maxi-
mum relative change in velocity is checked to see if the solution is converged.

Now that a solution (converged or not) has been obtained, OUTPUT is called. Sub-
routine OUTPUT first calculates other velocity components and flow angles at all mesh
points. Then OUTPUT calculates streamline curvature and critical velocity ratio at
each mesh point. If there are blades, subroutine BLDVEL is called to calculate the
blade surface velocities, as explained in appendix G of part I (ref. 6). Also BLDVEL
calculates the average blade-to-blade density to be used in NEWRHO in the next itera-
tion. And BLDVEL calculates F, at each point by using equation (A4). The vector
component F, is used by COEF in calculating the coefficients of the finite-difference
equations. After returning from BLDVEL, OUTPUT will print out data at the orthogonal
mesh points, if desired. Then, if output is desired along streamlines, the necessary
interpolation will be done and data will be printed for all streamlines. Similarly, in-
terpolation will be done and data printed for hub-shroud station lines.

After OUTPUT, subroutines INDEV and TSONIN are called if there are blades.
Subroutine INDEV calculates a correction to 96/ds for a short distance into the blade



row to match the mean surface within the blade row to the free-stream flow angles, both
upstream and downstream. The method for doing this is described in appendix F of
part I (ref. 6). INDEV also calculates and prints out incidence and deviation angles if
this is requested. Then TSONIN will calculate and print TSONIC input if desired. Also
if desired, SLPLOT will plot the streamlines and SVPLOT will plot the mean and blade
surface velocities.

At this point, the main program will start a new iteration by going back to COEF if
the solution has not converged. If the solution has converged, there are two possibil-
ities. If REDFAC is 1, the final solution has been obtained and the program is through.
If REDFAC is less than 1, the final approximate full-mass-flow solution will be calcu-
lated by TVELCY. First, the mass flow, rotational speed, and inlet and outlet whirl
are restored to their full values. This requires reinitialization calls of LAMDAF and
RVTHTA for inlet and outlet whirl. Then TVELCY calculates an/ dm and awe/ om
for use in the velocity-gradient equation. These quantities are first calculated from the
reduced-mass-flow solution and then are adjusted by dividing by REDFAC. Now the
velocity-gradient equation (derived in appendix C of part I (ref. 6)) is solved along each
vertical mesh line. Iteration is required to establish the correct temperature, density,
and whirl to use in the velocity-gradient equation. When TVELCY is through, TOUTPT
is called. Subroutine TOUTPT is an alternate entry point for OUTPUT. The only
difference is that the flow angles are considered to be known, and the velocity compo-
nents are calculated from the velocity magnitude and the known flow angles. After
TOUTPT, if there are blades, PINDV is called to print incidence and deviation angles.
Then the same sequence of TSONIN, SLPLOT, and SVPLOT is called as for the finite-
difference solution. Normally, only the smaller (''subsonic'') of two possib.. solutions
is obtained by TVELCY (part I (ref. 6), appendix C); but if desired, both the larger
(*'supersonic'') and smaller solutions can be obtained. If both solutions are desired,
TVELCY, TOUTPT, PINDV, TSONIN, SLPLOT, and SVPLOT are called again. This
completes the program.

DETAILED PROGRAM PROCEDURE

This section gives the detailed program procedure for all the subroutines. The
previous section should be consulted for an overall view of the program calculational
procedure.

Most of the subroutines in MERIDL use the same set of variables. These variables
are all defined in the section MAIN DICTIONARY. All subroutines are described prior
to the main dictionary. First, the main subroutines and other subroutines that use the
main dictionary are described, and then the remaining subroutines with special diction-
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TABLE 1. - SUBROUTINE CALLS AND COMMON BLOCKS

Subroutine name COMMON Called subroutines | Calling sub- i[ Subroutine name COMMON | Called subroutines | Calling subroutines
or entry point blocks routines or entry point blocks
@ ) (2)
MERIDL /-7 INPUT None - main]] LOSSOM (see VARV LAMDAF MERIDL
/INPUTT/ | MESHO program entry LOSSTV) /INPUTT/ | RVTHTA
/CALCON/ | PRECAL . /CALCON/ | TIPF
/VARCOM/ | INTT /VARCOM/ | RHOIPF
/ROTATN/ | COEF /ROTATN/ | LAMNIT (LAMDAF)
/SLCOM/ |SOR RVTNIT (RVTHTA)
/INDCOM/ | LOSSOM TIPNIT (TIPF)
/PLTCOM/ | NEWRHO _ RHINIT (RHOIPF)
OUTPUT . INRSCT
INDEV SPLINT
TSORIN SPLENT (SPLINT)
TVELCY
TOUTPT (OUTPUT)
PINDV (LINDY) LOSSTV (entry | /---/ LAMDAF TVELCY
Plotting subroutines point for LOSSOM)| /INPUTT/ | RVTHTA
— /CALCON/ | TIPF
INPUT /---/ SPLINE MERIDL /VARCOM/ | RHOIPF
/INPUTT/ |SPLINT /ROTATN/ | INRSCT
/CALCON/ | SPLENT (SPLINT) SPLINT
SPLISL SPLENT {(SPLINT)
MESHO /JINPUTT/ | INRSCT MERIDL
/CALCON/ | ROTATE NEWRHO /-==/ LAMDAF MERIDL
/ROTATNR/ | SPLINT /INPUTT/ | RVTHTA
SPLENT (SPLINT) /CALCON/ | TIPF
/VARCOM/ | RHOTPF
PRECAL /---7 THETOM MERIDL SPLINE
/INPUTT/ | THIKOM SLOPES
/CALCON/ | LAMNIT (LAMDAF)
/VARCOM/ | RVTNIT (RVTHTA) OUTPUT (entry /---/ BLDVEL MERIDL
/ROTATN/ | TIPNIT (TIPF) point TOUTPT) /INPUTT/ [ ILETE
RHINIT (RHOIPF) /CALCON/ | LAMDAF
INRSCT /VARCOM/ | RVTHTA
ROTATE /ROTATN/ | TIPF
SPLINE /SLCOM/ RHOTPF
SPLINT LININT
SPLISL ROTATE
B SPLINT
THETOM /===/ LININT PRECAL SLOPES
/INPUTT/ | ROTATE p—— - —_
/CALCON/ | SPLINT BLDVEL /-7 LAMDAF OUTPUT
/ROTATN/ | SPINSL /INPUTT/ | TIPF TOUTPT
/INDCOM/ /CALCON/ | RHOIPF
/VARCOM/| SLOPES
THIROM JINPUTT/ | LININT PRECAL - =
/CALCON/ | SPLINT ILETE /INPUT/ SPLINT OUTPUT
/ROTATN/ /CALCON/ | SPLENT (SPLINT) TOUTPT
/INDCOM/ /SLCOM/
INIT /INPUTT/ | LAMDAF MERIDL INDEV /---/ LAMDAF MERIDL
/CALCON/ | TIPF /INPUTT/ | RVTHTA
/VARCOM/ | RHOIPF /CALCON/ | LININT
/VARCOM/
COEF /-==/ None MERIDL /ROTATN/
/INPUTT/ /INDCOM/
/CALCON/
/VARCOM/
SOR /---/ None MERIDL
/INPUTT/
/CALCON/
/VARCOM/

#/---/ denotes unlabeled COMMON block.



TABLE 1. - Continued.

Subroutine name COMMON | Called subroutines | Calling sub-]| Subroutine name COMMON | Called subroutines | Calling subroutines
or entry point blocks routines or eniry point blocks
(a) {a)
TSONIN /---/ LAMDAF MERIDL RVTHTA (see /---/ None LOSSOM
JINPUTT/ |RVTHTA entry RVTNIT) /INPUTT/ LOSSTV (LOSSOM)
/CALCON/ | TIPF /CALCON/ NEWRHO
/VARCOM/ | RHOIPF /VARCOM/ OUTPUT
/ROTATN/ | INRSCT /ROTATN/ TOUTPT (OUTPUT)
/SLCOM/ LININT INDEV
/INDCOM/ | ROTATE TSONIN
SPLINE TVELCY
SPLINT LINDV
SPLISL TINDV {LINDV)
TVELCY /---7 LOSSTV (LOSSOM) | MERIDL RVTNIT (entry /~--/ LININT PRECAL
/INPUTT/ | LINDV point for RVTHTA)| /INPUTT/ | SPLINE LOSSOM
/CALCON/ | TINDV (LINDV) /CALCON/ | SPLINT TVELCY
/VARCOM/ | LAMDAF /VARCOM/
RVTHTA /ROTATN/
TIPF o T : ) )
RHOIPF TIPF (see entry /INPUTT/ | None INTT
LAMNIT (LAMDAF) TIPNIT) /CALCON/ LOSSOM
RVTNIT (RVTHTA) LOSSTV (LOSSOM)
CONTIN NEWRHO
SLOPES OUTPUT
S .y N TOUTPT (OUTPUT}
LINDV (entry /=1 LAMDAF TVELCY - BLDVEL
point - TINDV; see| /INPUTT/ | RVTHTA TSONIN
also entry PINDV) | /CALCON/ | TIPF TVELCY
/VARCOM/ | RHOIPF LINDV
/ROTATN/ | LININT TINDV {LINDV)
/INDCOM/ - U S
———— —— - S TIPNIT (entry /INPUTT/ | SPLINE PRECAL
PINDV (entry /---/ LAMDAF MERIDL polnt for TIPF) /CALCON/ L.OSSOM
point for LINDV) /INPUTT/ | RVTHTA TToT T
/CALCON/ RHOIPF (see /INPUTT/ | None INIT
/VARCOM/ entry RHINIT) /CALCON/ LOSSOM
/ROTATN/ LOSSTV {LOSSOM)
/INDCOM/ NEWRHO
- - OUTPUT
LAMDATF (see /---/ None INIT TOUTPT (OUTPUT)
entry LAMNIT) /INPUTT/ LOSSOM BLDVEL
/CALCON/ LOSSTV TSONIN
/VARCOM/ NEWRHO TVELCY
/ROTATN/ OUTPUT LINDV
TOUTPT TINDV (LINDV)
BLDVEL ' T T
INDEV RHINIT {entry JINPUTT/ | SPLINE PRECAL
TSONIN potnt for RHOIPF) | /CALCON/ LOSSOM
TVELCY Hl contm /-7 PABC TVELCY
LINDV PR
TINDV PABC None None CONTIN
PINDV 1" - i}
—— INRSCT ALY SPLINT MESHO
LAMNIT (entry /---/ LININT PRECAL PRECAL
point for LAMDAF)| /INPUTT/ | SPLINE LOSSOM LOSSOM
/CALCON/ | SPLINT TVELCY TSONIN
/VARCOM/
/ROTATN/

3/ denotes unlabeled COMMON black.



TABLE 1. - Concluded.

LOSSTV (LOSSOM)

OUTPUT

TOUTPT (OUTPUT)
TSONIN

ILETE

LAMNIT (LAMDAF)
RVTNIT (RVTHTA)

INRSCT

Subroutine name COMMON | Called subroutines | Calling sub- Subroutine name COMMON | Called subroutines Calling subroutines
or entry polnt blocks routines or entry point block
(a) (a)
LININT /-7 None THETOM SPLENT (entry /-7 None INPUT
THIXKOM point for SPLINT) MESHO
OUTPUT LOSSOM
TOUTPT LOSSTV (LOSSOM)
INDEV ILETE
TSONIN - -
LINDV SLOPES None None NEWRHO
TINDV OUTPUT
LAMNIT TOUTPT (OUTPUT)
RVTNIT BLDVEL
S S TVELCY
ROTATE None None MESHO
. PRECAL SPLISL /-7 None INPUT
THETOM PRECAL
OUTPUT TSONIN
TOUTPT (OUTPUT) s ppygr, /=7 None THETOM
TSONIN L I S
- R Plotting subroutines { /INPUT/ Not applicable MERIDL
SPLINE /-1 None INPUT /CALCON/
PRECAL /ROTATN/
NEWRHO /SLCOM/
TSONIN /PLTCOM/
LAMNIT {LAMDAF)|—— - J S
RVTNIT (RVTHTA)
TIPNIT (TIPF)
RHEINIT (RHOIPF)
SPLINT (see /-=-/ None INPUT
entry SPLENT) MESHO
PRECAL
THETOM
THIKOM
LOSSOM

3/.--/ denotes dnlabeled COMMON block.
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aries are described.

The calling relation of all subroutines is shown in figure 3. Note that figure 3 is
not a flow chart. All subroutines called and all COMMON blocks for each subroutine
are listed in table I

The first subsections presented herein describe the general aspects of the program,
including storage requirements, conventions used, and labeled COMMON blocks. They
are followed by a detailed description of the subroutines.

STOHAGE REQUIREMENTS

The MERIDL program has been implemented on the NASA Lewis time-sharing IBM-
TSS/360-67 computer. The program consists of approximately 5000 lines of code. For
the numerical example of part I (ref. 6), storage of variables required approximately
60 000 words for a 21 x 41 grid of 861 points. As dimensioned for a 100 x 101 grid,
storage of variables would require about 700 000 words. The user can reduce the stor-
age requirements for variables, as desired, by changing the dimensions. The main
dictionary indicates how each variable should be dimensioned to reduce the storage re-
quired. This is indicated by reference to certain input variables, such as MM, MHT,
NHUB, NTIP, NBLPL, NPPP, and so forth. The variables with the most significant ef-
fect on storage requirements are MM and MHT.

As an example, consider the two-dimensional array ALPHA. This variable is in
the /VARCOM/ COMMON block and is dimensioned ALPHA (100, 101) in the program
listing. In the main dictionary, it is listed as ALPHA (MM, MHTP1). Suppose that the
maximum desired value for MM is 60 and that for MHT it is 40. Since MHTP1 is
MHT + 1, the maximum value for MHTP1 would be 41. Then ALPHA should be dimen-
sioned ALPHA (60,41). ) o

Similarly, all other dimensioned variables should have their dimension changed as
required. Most dimensioned variables are in COMMON blocks, ‘Vbut'there are a few that
are dimensioned locally only. In addition, the calls to LININT must be changed to reflect
any changes in the dimensions of the first two LININT arguments, and calls to ROTATE
must be changed to reflect the dimensions of the second, third, and last two arguments.

CONVENTIONS USED IN PROGRAM

For convenience, a number of conventions are used in naming variables and assign-
ing subscripts.

In addition to the basic orthogonal mesh, there are five special mesh schemes used,
as illustrated in figure 4. For each mesh, different conventions are used to indicate
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Figure 4. - Six meshes used in MERIDL.
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mesh position. The subscripts I and J are used to denote orthogonal mesh position.
The I is used to denote the vertical mesh line number, and the J is used to denote the
horizontal mesh line number. The subscripts IS and JS are used in a similar manner
to denote streamline mesh points, and IL and JL the station-line mesh points. Like-
wise, IN and JN denote points on the input blade sections, and KN and LN denote
points on the alternate blade mesh located at 5-percent-chord and 5-percent-span inter-
vals in the THETOM subroutine. Note that I and IS take on the same values, as do
JS and JL.

In variable names, I or IN indicates the inlet (upstream of blade) and O or OUT
indicates the outlet. Variables ending with OM are generally variables defined on the
orthogonal mesh, and variables ending with ROT or R are usually coordinates with re-
spect to the rotated axes. :

Velocity components on the orthogonal mesh usually have SUB in the name, such as
WSUBZ for W,. Velocity components along streamlines end in SL (WZSL), while veloc~
ity components on station lines end in ST (WZST). The letters H or HUB in a variable
name indicate the hub, and T or TIP the tip; LE is used for leading edge and TE for
trailing edge. The letters TH indicate a variable in the 6-direction, SURF a variable
on a blade surface, and BL a variable in the blade region. In a variable name, TEM in-
dicates a temporary variable; P is used to indicate a prime superscript, and PP to indi-
cate double prime; D is used for derivative. Usually, several conventions are combined
in each variable. For example, TIP is used for Ti, TPPTIP for T"/T'i, and DPDR for
dp/or. :

All subroutines used for plotting have PLOT in the name.

LABELED COMMON BLOCKS

Most variables that are used in more than one subroutine are placed in labeled
COMMON blocks. A brief description of each labeled block is given. The same variable
names are used in different subroutines for every variable in a COMMON block. The
labeled COMMON blocks are as follows:

/INPUTT/ is used for all input quantities.

/CALCONY/ is used for constants that are initially calculated and are usually not
changed later.

/VARCOM/ is used for all orthogonal mesh-point arrays that are changed in each
iteration.

/ROTATN/ is used for coordinates with respect to rotated axes.

/SLCOM/ is used for output data along streamlines.

/INDCOM/ is used for quantities calculated by THETOM to be used by INDEV,
LINDV, and TSONIN.
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/PLTCOM/ is used to plot data for hub, shroud, and blade leading and trailing

edges.
Table I shows which COMMON blocks are needed in each subroutine.

ROTATED COORDINATES

Spline curves are used for most geometrical curve fitting in the MERIDL program.
Since spline curves are limited to angles somewhat less than 90°, an option to use ro-
tated coordinates may be exercised by the user when flow angles are much over 45° from
axial. Rotated z- and r-coordinates are illustrated in figure 5.

Subroutine ROTATE is used by MERIDL to transfer from unrotated to rotated coor-
dinates (and vice versa). The option to work in rotated coordinates is specified through
the input variables LROT and ANGROT. If ANGROT is not given as input (LROT = 0),
there will be no difference between unrotated and rotated coordinates in the program,
although the ROTATE calls are still made in the subroutines.

All coordinates read into MERIDL as input are unrotated coordinates. Most of these
are never rotated by the program. Likewise, some geometrical arrays calculated by

g

Zrot

/

I

rot

ANGF?OT

- - - ——F

y

Figure 5. - Rofated z- and r-coordinates.
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the program are never rotated. On the other hand, many geometrical variables are cal-

culated in the rotated system. Some of these are later unrotated, while others are not.
The variables associated with each of these options are summarized in table O, which
shows whether a variable was calculated or used in either rotated or unrotated z- and

r-coordinates.

and unrotating these variables.
In the description of individual subroutines, reference is made to both rotated and

unrotated points.

' TABLE I - FORTRAN z- AND r-VARIABLES AFFECTED BY ROTATION

(a) Unrotated variables

(b) Rotated variables

7 Read inAum"ota.ted and never rotated

Read in unrotated and th

en rotated for internal use

ZBL(NPPP, NBLPL)
ZHUB(NHUB)
ZTIP(NTIP)
ZOMIN
ZOMBI
ZOMBO
ZOMOUT
ZHIN

ZTIN
ZHOUT
ZTOUT

RBL(NPPP, NBLPL)
RHUB(NHUB)
RTIP(NTIP)
ROMIN

ROMBI

ROMBO
ROMOUT

RHIN

RTIN

RHOUT

RTOUT
RADIN(NIN)
RADOUT(NOUT)

ZHST(NOSTAT)
ZTST(NOSTAT)

RHST(NOSTAT)
RTST(NOSTAT)

Calculated rotated

and never unrotated

Calculated unrotated and never rotated

ZOM(MM, MHTP1)
ZLEOM(MHTP1)
ZTEOM(MHTP1)

ROM(MM, MHTP1)
RLEOM(MHTP1)
RTEOM(MHTP1)

ZOMROT(MM, MHTP1)

ZBLROT(NPPP, NBLPL)

ZPCT1(NBLPL)

ZPCT2(NBLPC)

ZHROT(NHUB)

ZTROT(NTIP)

ZLE(NBLPL)

ZTE(NBLPL)

ZLEOMR(MHTP1)

ZTEOMR(MHTP1)

ZLEH

ZLET

ZTEH

ZTET

ZLESL

ZTESL

ZRAD(NHUB or NTIP,
MHTP1)

ROMROT(MM, MHTP1)

RBLROT(NPPP, NBLPL)

RPCT1(NBLPL)

RPCT2(NBLPC)

RHROT(NHUB)

RTROT(NTIP)

RLE(NBLPL)

RTE(NBLPL)

RLEOMR(MHTP1)

RTEOMR(MHTP1)

RLEH

RLET

RTEH

RTET

RLESL

RTESL

RRAD(NHUB or NTIP,
MHTP1)

Calculated rotated
for printing

and only unrotated
and plotting

ZSL(MM, NSL)
ZST(NSL, NOSTAT)

RSL(MM, NSL)
RST(NSL, NOSTAT)
RPC(NPPC, NBLPL)

ZPC(NPPC, NBLPL)

Table I shows which subroutines are involved in calculating, rotating,

Unrotated pomts always refer tothe z and r 1nput coordinate dlrec-
tions Rotated pomts refer to coordmates that have been rotated as shown in figure 5.
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TABLE II. - SUBROUTINES INVOLVED WITH ROTATION

Subroutine} Variables read in | Rotated or Comments
or calculated unrotated
INPUT ZBL, RBL Unrotated | Read in unrotated
ZHUB, RHUB
ZTIP, RTIP
ZOMIN, ROMIN

ZOMBI, ROMBI
ZOMBO, ROMBO
ZOMOUT, ROMOUT
ZHIN, RHIN

ZTIN, RTIN
ZHOUT, RHOUT
ZTOUT, RTOUT

ZHST, RHST
ZTST, RTST
RADIN
RADOUT [ j
MESHO | ZHROT, RHROT “Rotated Rotated from ZHUB, RHUB
ZTROT, RTROT Rotated Rotated from ZTIP, RTIP
ZOMROT, ROMROT | Rotated Calculated
ZOM, ROM Unrotated | Unrotated from ZOMROT, ROMROT
PRECAL | ZHST, RHST Rotated Rotated from input values with same name
ZTST, RTST Rotated from input values with same name
ZBLROT, RBLROT Rotated from ZBL, RBL
ZLE, RLE Calculated
ZTE, RTE
ZLEH, RLEH
ZLET, RLET
ZTEH,RTEH
ZTET, RTET
ZLEOMR, RLEOMR
ZTEOMR, RTEOMR \ Y
ZLEOM, RLEOM Unrotated | Unrotated from ZLEOMR, RLEOMR
ZTEOM, RTEOM Unrotated | Unrotated from ZTEOMR, RTEOMR
THETOM | ZPC, RPC Rotated Calculated
ZPCT1,RPCT1 Calculated on semi-alternate mesh (fig. 26)
ZPCT2, RPCT2 Calculated on alternate mesh (fig. 27)
ZRAD, RRAD Calculated
OUTPUT | Z5L, RSL Rotated Calculated rotated, unrotated for printing,
then rotated for later use
ZST, RST Rotated Calculated rotated, unrotated for printing,
and left unrotated
TSONIN | ZLESL, RLESL Rotated Calculated
ZTESL, RTESL Rotated Calculated




INCOMPRESSIBLE FLOW

Provision has been made for incompressible flow analysis by MERIDL. The main
difference is that the density at each point is constant; so the density arrays are initial-
ized to the input density value. A streamwise loss of total pressure that is uniform
from hub to shroud has no effect on the solution and is not considered for the incom-
pressible case. The present method of solution is very sensitive to a hub-shroud varia-
tion of total pressure for incompressible flow, so this variation is likewise not consid-
ered. Thus, the PERLOS, PRIP, PROP, and LOSOUT arrays are not used, and any cal-
culations involving temperature or pressure are omitted from the calculation for
incompressible flow. A derivation of the necessary changes to the stream-function equa-
tion (A1) is given in appendix D.

The subroutines with differences for an incompressible flow calculation are INPUT,
PRECAL, INIT, COEF, LOSSOM, NEWRHO, OUTPUT, BLDVEL, and TSONIN. These
differences are mainly that the variable arrays RHO and RHOAYV are set to the input
density, and thereafter all calculations of density, temperature, and pressure (including
¢ and £) are omitted.

MAIN PROGRAM

The program is segmented into several principal subroutines called by the main
program, as indicated at the top of figure 3. The subroutines are called in sequence,
except for the outer iteration and a switch to obtain a supersonic final solution. The
outer iteration is a loop consisting of calls to COEF, SOR, LOSSOM, NEWRHO, OUT-
PUT, INDEV, TSONIN, SLPLOT, and SVPLOT. This calling sequence and the outer
iteration loop are shown more clearly in the flow chart for the main program, given in
figure 2. Flow charts for some of the subroutines are also given with the subroutine
descriptions.

SUBROUTINES
Subroutine INPUT

Subroutine INPUT reads and prints all input data cards and initializes some variables
for use later in the program.

All input cards are first read and printed on the output listing in the same form and
order in which they are given. All array bounds are then checked to see if they are
within limits, and some miscellaneous constants are initialized. Estimates are made
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of various required upstream and downstream flow conditions that were not given as in-
put because other input options were used. Finally, blade surface and/or blade thickness
coordinates are calculated when not given as input.

Subroutine MESHO

Subroutine MESHO calculates the coordinates of an orthogonal mesh covering the
solution region from upstream to downstream of the blade row and from hub to shroud.
Subroutine MESHO makes use of three other subroutines - ROTATE, SPLINT, and
INRSCT. A flow chart for MESHO is given in figure 6.

‘Subroutine MESHO begins with input geometry describing the hub and shroud of the
flow passage and the numbers of mesh points desired in the horizontal and vertical di-
rections, MESHO initially rotates the hub and shroud geometry through the input angle,
ANGROT, if ANGROT is specified, so that the mesh generation is done in the rotated co-
ordinate system. .

Then MESHO calculates the horizontal, or streamwise, orthogonals, as follows. If
NHUB equals NTIP, lines are extended from each of the input points on the hub to the
corresponding points on the shroud. If NHUB and NTIP are unequal, lines are extended
from input points on the surface with a larger number of points to an equal number of
equally spaced points on the opposite surface. In either case, each of these hub-shroud
lines is then divided into MHT equal increments. The resulting coordinates are in the
ZRAD and RRAD arrays. The hub-shroud lines and resulting horizontal orthogonals
are shown in figure 7.

Vertical orthogonal lines are then constructed one at a time, moving from left to
right between each pair of adjacent horizontal orthogonals, proceeding from hub to
shroud, as shown in figure 8. Before this process begins, however, the input mesh
boundary points on the hub - ZOMIN, ZOMBI, ZOMBO, and ZOMOUT - are calculated
in the rotated coordinate system. Rotated orthogonal mesh points (ZOMROT) are then
calculated on the hub between these boundary points. The corresponding r-coordinates
(ROMROT) and slopes (SLOM) are obtained by a SPLINT call.

The procedure for calculating vertical orthogonal links between the horizontal
orthogonals is then begun. This procedure, shown in figure 9, is analogous to a tech-
nique for solving ordinary differential equations known as the improved Euler method
or Heun's method (ref. 7). Beginning at known orthogonal mesh points on the lower
orthogonal, normals are constructed (such as line (@) in fig. 9) to the upper orthogonal.
The intersection coordinates of these lines with the upper orthogonal are obtained with
INRSCT calls, and then the slopes of the upper orthogonal at the intersections are ob-
tained by a SPLINT call. Lines such as line (2) in figure 9 are then constructed in such
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Rotate tnput hub and
tip coordinates

I

Divide hub and tip contours to
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Rotate mesh boundary inter-
section points on hub

!

Calculate z- and r-coordinates
and siopes of mesh along hub
contour (ZOMROT, ROMROT,
and SLOM)

Begin construction of vertlcalj
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1=2
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fines between two streamwise orthogonal
rows; calculate z- and r-coordinates

of straight lines normal to previous row

1

Call INRSCTto calculate z- and r-
intersections of lines normal to
previous row with present row

!

Call SPLINT to calculate siopes of
present horizontal orthogonal
row at infersection points

!

Calculate z- and r-coordinates of intersections
on present orthogonal row of normal from
present row back to mesh point on previous

orthogonal row

Calculate average z-coordinates of two
sets of intersection points on present
herizontal orthogonal row (ZOMROT)

i

Caiculate r-coordinates (ROMROT)
slopes {SLOM) and angles (PHI) at
the ZOMROT mesh points

!

Go to next mesh line
ILNRD!

Yes

Calculate unrotated z and r mesh-
point coordinates (ZOM, ROM) from
rotated coordinates (ZOMROT, ROMROT)

Figure 6, - Flow chart for MESHO,
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Figure 9. - Calculation procedure for a "'vertical' orthogonal link,

a way that they are perpendicular to the tangents to the upper orthogonal at the inter-
section points and pass through the original starting points on the lower orthogonal. The
rotated z-coordinates of the intersections of both sets of lines, (O and @), are now
known on the upper orthogonal. The desired new orthogonal mesh point z-coordinates
(ZOMROT) are the average of these two sets of z-coordinates. The corresponding ro-
tated r-coordinates (ROMROT) and slopes are then calculated by a SPLINT call. Mesh
angles (PHI) can now be obtained.

This process of constructing vertical orthogonal links is continued until the shroud
is reached by all vertical orthogonals. This completes the generation of the orthogonal
mesh. Finally, the unrotated mesh coordinates (ZOM, ROM) are calculated from
ZOMROT, ROMROT by a call to ROTATE.

Notice in MESHO that the locations of the upstream and downstream boundaries of
the orthogonal mesh at the hub are fixed by the inputs ZOMIN and ZOMOUT (fig. 8).
The locations of these boundaries at the tip, hdwever, cannot be given ahead of time
and are totally dependent upon the orthogonal mesh generation procedure.

Streamwise distance between vertical orthogonals at the hub is determined by the
number of mesh lines requested in the following three regions: MBI mesh lines up-
stream of the blade from ZOMIN to ZOMBI, MBO - MBI mesh lines from ZOMBI to
ZOMBO; and MM - MBO mesh lines downstream of the blade from ZOMBO to ZOMOUT
(fig. 8). The number of horizontal orthogonals is MHT + 1, which is the same in all
three regions.

23



Subroutine PRECAL

Subroutine PRECAL calculates many of the fixed constants that will be needed by
the subroutines in the outer iterative loop of MERIDL. Figure 10 gives a flow chart for
PRECAL.

First, PRECAL initializes the subroutines for calculating upstream and downstream
flow conditions. To do this, it calls LAMDAF, RVTHTA, TIPF, and RHOIPF, enter-
ing at the special entry points of these routines used for initialization.

The array of blade-to-blade spacing B (the BTH array) is then initialized to the
blade pitch (in radians) at every point on the solution mesh. This array is modified in
the blade region later in PRECAL when THIKOM is called.

In the cases where output streamline values (FLFR array) were not read in
(NSL = 0), PRECAL assigns 11 values to FLFR from 0 to 1.0, in increments of 0. 1.
Also, if the given endpoints of FLFR do not equal 0 and 1.0, PRECAL adds these values
as endpoints. 7 : '

Then, PRECAL uses the z- and r-coordinates of the orthogonal mesh (ZOM and
ROM), calculated in MESHO to calculate the s- and t-arrays (SOM and TOM) on the
orthogonal mesh. Straight-line distances between adjacent points are used in this cal-
culation of s and t, because the correction between arc length and chord length is not
significant for adjacent points.

If input hub and shroud station-line arrays were given (NOSTAT > 0), these arrays
are then put into the rotated reference frame with ROTATE calls. Rotated blade geom-
etry arrays (ZBLROT, RBLROT) are likewise calculated from the input arrays
(ZBL, RBL).

If there is no blade row in the solution region (MBI = 0), PRECAL then stores
dummy values into the ILE and ITE arrays. A large section of code that pertains only
to solutions with blades present is then skipped.

In the case where blades are present, the rotated z- and r-coordinate arrays that
define the leading and trailing edges of the blades (ZLE, RLE and ZTE, RTE) are then
obtained. These are the first and last values for each blade plane from the ZBLROT
and RBLROT blade-coordinate arrays. The intersections of these leading and trailing
edges with the hub and shroud are also calculated with INRSCT calls.

Various quantities are then calculated on the orthogonal mesh at or near the lead-
ing, and then the trailing, edge of the blade. With INRSCT calls, the rotated z- and
r-coordinates of intersections of horizontal mesh lines with the blade edges are calcu-
lated. Vertical mesh-line numbers (ILE and ITE) of mesh points that lie just within the
blade leading and trailing edges are then calculated by comparing the rotated z-
coordinates of mesh points along the orthogonals with the rotated z-coordinates of in-
tersections of the horizontal mesh lines with the blade edges. The s-coordinates are
then calculated for the points where the horizontal mesh lines cross the blade edges.
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Figure 10, - Flow chart for PRECAL.
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Theta coordinates are then calculated at these same points by means of SPLINT calls.
Finally, ROTATE is used to calculate unrotated z- and r-coordinates of intersections
of horizontal mesh lines with the blade edges. 7

Next, arc lengths along the input blade-section mean camber lines and blade block-
age are calculated. SPLINE or SPLISL calls are then used to calculate the slope and
the second derivative of the mean camber line 6-coordinate as a function of arc length,
on the same input sections. The input blade geometry, blockage, arc length, and first
and second derivatives are printed in the output.

At this point, PRECAL calls two other subroutines, THETOM and THIKOM. The
THETOM routine calculates 96/3s and 96/dt at the orthogonal mesh points. The
THIKOM routine calculates the stream-channel thickness arrays at the blade edges
(BTHLE and BTHTE) and makes corrections to the BTH array to account for blade
thickness.

Then PRECAL reduces certain parameters for the case where a reduced-mass-flow
solution will have to be obtained (REDFAC < 1.0). Wheel speed (OMEGA) and mass
flow (MSFL) are reduced by REDFAC, as well as whirl (LAMIN, LAMOUT) and tan-
gential velocity (VTHIN, VTHOUT). Subroutines LAMDAF and RVTHTA are then re-
initialized by LAMNIT and RVTNIT calls.

Finally, PRECAL prints several arrays of debug information, if they are called
for. Also, if the flow is incompressible (GAM = 0.), the density array is set to the input
density given in the variable AR.

Subroutine THETOM

Subroutine THETOM calculates the gradients 96/9s and 36/6t at the orthogonal
mesh points that lie within the leading and trailing edges of the blade. This process is
thoroughly described in appendix C.

Theta coordinates of the mean blade surface (THBL) are given at the input blade-
section points (ZBL, RBL). Gradients of the #-coordinate are required in the s- and
t-directions at the orthogonal mesh points within the blade for use by the NEWRHO sub-
routine.

Subroutine THETOM makes use of the technique of defining an alternate mesh on
which 06/dz and 88/dr are obtained. By interpolation, 36/0z and 26/or are then
obtained at the required orthogonal mesh points. Finally, 96/0s and 96/0t are cal-
culated from 26/0z and 06/9dr at these points.
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Subroutine THIKOM

Subroutine THIKOM first calculates the stream-channel thickness arrays BTHLE
and BTHTE at the points where the orthogonal mesh lines cross the leading and trailing
edges of the blades. The tangential blade thickness TTBL is known at the blade edges
where they are crossed by the input blade sections. SPLINT calls are used to interpo-
late and obtain this thickness where the blade edges are intersected by the horizontal
orthogonal mesh lines. These thicknesses are subtracted from the pitch to obtain
BTHLE and BTHTE. '

Then THIKOM interpolates with LININT on the alternate mesh array TTPC of tan-
gential blade thickness to obtain blade thickness at the points of the rotated orthogonal
mesh, ZOMROT and ROMROT. A correction is then made to the BTH array at each
mesh point by subtracting this blade thickness.

Subroutine INIT

Subroutine INIT initializes certain arrays in /VARCOM/. This is necessary to
start the outer iteration running from COEF to SVPLOT. For the initial iteration, it
is assumed that p = p'' throughout the passage. All other values are set to zero, ex-
cept for Ws, Wz, and cos(a - ¢), which are set to values that will avoid division by
zero.

Subroutine COEF

Subroutine COEF calculates the coefficients ay, 2y, ag, and a, and the constants
kq for the finite-difference equations. The finite-difference equation is (A5) or (A7).
The coefficients are calculated by the procedure of equation (A8), and the constants are
calculated by equation (A9). Within the blade row, the value of the constant k0 depends
on a(rVa)/ ot. This gradient tends to be unstable with iteration, so that damping is
usually required between iterations. The damping rate is controlled by the input vari-
able DNEW. Suggestions for choosing proper values for DNEW are given in the INPUT
section of part I (ref. 6). For every outer iteration, the maximum and minimum values
of 3(rVy)/ét and the maximum predicted change in orVy)/dt are calculated and
printed. When it is indig:a_ted by the value of IDEBUG, the coefficients 3y and the con-
stants k0 will be printed.
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Subroutine SOR

Subroutine SOR solves the finite-difference equations (A5) by the method of over-
relaxation (ref. 8). Equation (A5) holds at every interior point of the orthogonal mesh
where the value of u is initially unknown. Thus, if there are n interior points, we
have n equations with n unknowns. Equation (A5) is nonlinear but can be linearized
by using values from the previous outer iteration for the nonlinear terms or factors.
SOR solves only the linearized equations.

The overrelaxation iteration is the inner iteration; it is optimized by using an opti-
mum overrelaxation factor (ORF). The calculation of ORF is done only the first time
that SOR is called. The optimum value for the overrelaxation factor Q is estimated by
using equations (B3) and (B1) of reference 9. At each interior point, ulé“'l

from the values of u at the neighboring points by

m+1 4
uo = zzl aiui
1=

is calculated

where each u, is the mogt recently calculated value for the point. To start, ug =1 at
the interior points and uj = 0 alongthe hub and shroud. The maximum (LMAX) and min-
jmum (LMIN) values over all the interior mesh points of the ratio ug”l/uf)n are cal-
culated for m =1,2,3, . . . until the LMAX and LMIN ratios are close to each other.
Then the optimum overrelaxation factor (ORF) is calculated by ORF =
2/ (1 +41- LMAX). The theory for calculating ORF is derived in reference 8.

With an optimum value for the overrelaxation factor 9, the solution to equation (AB)

is calculated by overrelaxation by

4
m+l _ m _.n
L -u0+Q Zaiui+k0 u0
i=1

where each u, is the most recently calculated value at an interior point or is a bound-
ary value. During each iteration, the maximum change of the stream function is cal-
culated. When this maximum change is reduced below 10'5, the iteration is stopped,
and the current estimate of the stream function is accepted as the solution.
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Subroutine LOSSOM

Subroutine LOSSOM interpolates the total pressure loss at the downstream input
station and then distributes this loss on the orthogonal mesh as specified by the input.
The loss is stored in the PLOSS array at each orthogonal mesh point. The loss is as-
sumed to be zero for incompressible flow. A flow chart for LOSSOM is given in fig-
ure 11. '

LOSSOM begins by making reinitialization calls for LAMDAF, RVTHTA, TIPF,
and RHOIPF on each iteration if whirl is not given as a function of the stream function.
The reinitialization is not needed for the LOSSTV entry point, which is used only for
the final transonic velocity-gradient solution. Also, only one vertical mesh line
(IM = II) is calculated at a time from the LOSSTV entry point.

The loss is then calculated as 1.0 minus the ratio of actual to ideal relative total
pressure,

ry
pO

LOSS = 1 - (—”y—
p
0/ideal

In one input optiqn, loss is given directly; in the other option, p{, Ti', A, (rVe) , and
p(') are given and the loss is calculated from Euler's equation by using the relations

w [A - (rVe)o]

v omt o
To=Ti . (1)
p
and
PP % _ B m/mYy/D
p" pl p! p’ p! : ]
(o)ideal ( 0)ideal 1 ( 0)ideal LA

If the loss is calculated, it is then printed; and if a negative loss is calculated, a
warning message is printed.

At this point, SPLINT is called to calculate the spline-fit curve for full downstream
loss as a function of stream function from hub to shroud. Then SPLINT is called
through the SPLENT entry point to get the full downstream loss corresponding to the
stream function for each orthogonal mesh point.

The actual loss to be applied at each mesh point (a percentage of the full down-
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Figure 11. - Flow chart for LOSSOM.




stream value) is calculated in one of several ways. The most common situation occur.
when blades are present and there is a linear streamwise loss distribution (NLOSS = 0).
In this case, loss is distributed linearly within the blades from zero loss at the leading
edge to full loss at the trailing edge. Full loss is also used from the trailing edge to
the downstream boundary.

In other situations where there are no blades or a streamwise loss distribution is
given as input, or both, some additional arrays are calculated on the first iteration. In
these cases, the s-distances (SOMOUT array) from the upstream boundary to the down-
stream input station along each horizontal mesh line are calculated. If there are no
blades, the s-distances (SOMIN array) from the upstream boundary to the upstream in-
put station are also calculated.

For the case where blades are present and a streamwise distribution of loss within
the blade row is given as input, the loss is distributed within the blades according to the
values in the input PERLOS array. A linear distribution of loss is applied downstream
of the blade from the final value of PERLOS at the trailing edge to full loss at the down-
stream input station. Full loss is used from there to the downstream solution boundary.

In the case where no blades are present, loss is distributed between the upstream
and downstream input stations, either linearly or according to specified input distribu-
tion in the PERLOS array. Full loss is then used from the downstream input station to
the downstream solution boundary.

Subroutine NEWRHO

Subroutine NEWRHO calculates the velocity magnitude and components, as well as
the density at each point of the orthogonal mesh. Figure 12 is a flow chart for NEWRHO.

The main function of NEWRHO is to calculate the partial derivatives of tl.2 stream
function in the s- and -t-directions. These partials are used to calculate the velocity
components. These components, together with either the blade shape or the specified
whirl, determine the relative velocity mégnit'ﬁde.h With the relative velocity known, the
density can be calculated. Subroutine NEWRHO calculates £ and { for the next itera-
tion.

The first major loop calculates Wt‘ First, SPLINE is called to calculate 3u/ds
along horizontal mesh lines. Then W; is calculated by equation (G11) of part I.

The final major loop calculates WS, W, Vo, W, p, & and ¢ at every mesh point,
The first inner loop stores values of t-distances and the stream function u in temporary
arrays. Then SPLINE is called to calculate du/dt. The second inner loop performs

31



Calculate
ﬂ' épn
ds 95

I

Calculate
du
g and Wt

i

ou
late —.
Calculate m

W, W Vg,
p, € and g

Converged ?
(RELER < VELTOL)

Yes
TEND = TIEND + 1

Set print
controls to
print all
requested
output

Return I
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further calculations. Equation (G10) of part I is used to calculate W_. Within the blade

row, W, is calculated from W, W, 99/0s, and 096/dt. Since
Wy=W_  tang

tanB = r.(ig.= r(ﬁ.gi.;._a.g_g&_)

dm s dm 4t dm

as _ Vs
dm Wm
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we have

20 ae)
W,=r{wW_ = 4+w, =
0 (sas t ot

within the blade row. Outside the blade row,

(A
= -wr upstream of blade
r _
Wy =< (rvy)
9. wr downstream of blade
r
\

Then Vo and W are calculated by

a 2 2 2
W—JW9+WS+Wt

The relative stagnation pressure p'' is calculated by

1" - 1t
p" = p!RT} (L= /(1) 1 - Pideal 7P
1 1
T Pideal

T _ g 2w - !wr)2

T! 2cpTi'

where

1

Equation (3) is the same as equation (D5) of part I with W = 0. The density p is cal-

culated by

(2)

&)
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1/7-1)/  Pliear - P"
_ T _ Yideal
p - pi T' 1 pll

i ideal

where T/ T{ is calculated by equation (D5) of part I. This completes the second inner
loop to statement 30. Then SLOPES is called to calculate 3T't/8t and dp''/ot. This
gives all the quantities necessary for the final inner loop to calculate £ and £ from
equations (A2) and (A3) of part I.

After all calculations are done, the maximum and average relative change in ve-
locity are printed. Also, if the solution is converged on velocity, the print control vari-
ables are set to 1 whenever a positive value is specified as input. This results in output
being printed for each jtem asked for after convergence.

There are also two error messages for NEWRHO in case the velocity at some point
becomes too large or if the upstream whirl is too large. Suggestions for correcting
input are given in the section Error Messages in part L.

Subroutine OUTPUT

The OUTPUT subroutine calculates and prints all the major output data from
MERIDL. A flow chart for OUTPUT is shown in figure 13. Depending upon the wishes
of the user, OUTPUT has the potential for printing output on three Separate sets of
points. These points are illustrated in figure 14. Output may be obtained (1) at the
orthogonal mesh points, (2) along streamlines where they are crossed by vertical
orthogonal mesh lines, and (3) along streamlines where they are crossed by user-
designated hub-shroud station lines. A detailed description of the output in each case
is given in part I under Printed Output.

The printing of output is controlled by the iteration counter ITER and the input var-
iables IMESH, ISLINE, and ISTATL. Because of the large volumes of output possible,
it is only given at the locations requested by these variables and when ITER is an integer
multiple of any of these variables.

No matter what the values of IMESH, ISLINE, and ISTATL, data are calculated at
the orthogonal mesh points for every iteration. (Whether or not it is printed depends
upon IMESH.) Output along streamlines and on station lines is then interpolated from
the calculated data at the orthogonal mesh points if the values of ISLINE or ISTATL in-
dicate that the user desires these outputs at the current iteration. Output along stream-
lines is also calculated if it is needed for plotting (controlled by IPLOT) or if it is
needed for calculating the input to the TSONIC program (controlled by ITSON).

The first sections of the OUTPUT routine calculate data on the orthogonal mesh.
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Figure 13, - Flow chart for QUTPUT.

Figure 14. - Location of three major types of output.
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At the main entry to this routine, Ws’ Wy, and W, are known from NEWRHO; and the
other velocity components and flow angles are calculated as follows:

_‘/ 2 2
Wm- Wﬁ-rWt

Wi

sin(@ - ¢) =—
Wm

cosa - @) =—=
m

WZ=WScos<,o—Wtsingo

Wr=Wtcos<p + Wssingo

w
a = tan- 1(__1'
WZ
W
g =tan 8
wm

This coding is followed by an entry point, TOUTPT, which is used only after TVELCY
has been called to obtain transonic velocities (see the block diagram, fig. 2, when
REDFAC < 1.0). From this entry point, the velocity components are calculated some-
what differently since W has been recalculated by TVELCY, as well as 3 upstream

and downstream of the blade. The angle ¢ is assumed to be the same as in the final
subsonic iteration. With W, g, and o known, the velocity components are now calcu-

lated as follows:

Wm=WcosB
W9=W sin g

= O
WZ Wmc S o

Wr = Wm sin o
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V9=W9+wr

Subroutine BLDVEL is then called to calculate estimated blade surface velocities.
If there are any choked vertical mesh lines in the transonic solution, the ''choked’' mes-
sage is stored where required.

At this point in the program, all velocity components and flow angles have been
calculated, regardless of the entry point. With velocity components and flow angles
known, streamline curvature is obtained from

_1_____—-'-cos(a. - ¢)+Esin(01 - )
] ot

Then the critical velocity ratio is obtained from

T” - T! - Zwk - fwrzz
1

2cp

W W

Wer ‘/ﬂ ™
v+ 1
H no output is to be printed, no further calculations are made by OUTPUT.

Now, a check is made to see if the suction- and pressure-surface velocities have
to be exchanged because of the orientation of the turbine or compressor. At this point,
all desired information has been calculated on the orthogonal mesh and is printed if
ITER is a multiple of IMESH.

The next section of the OUTPUT routine calculates output on the streamlines where
they are intersected by vertical orthogonal mesh lines. This output is calculated only
if ITER is a multiple of ISLINE, IPLOT, or ITSON. First, streamline z- and r-
coordinates are calculated. The m-coordinates are then calculated from these, using
the upstream mesh boundary along a streamline to correspond to m = 0. Interpolations
are then made by using LININT and the orthogonal mesh data to obtain W Wr’ WG’
w/wW op» and l/r By using variations of the precedmg formulas, W a, B, and W
are calculated from these values. Subroutine VILETE is called to establish which mesh
points along streamlines are between the blade leading and trailing edges. Subroutine
LININT is then used to obtain W l and Wtr ‘at these points. Finally, this output is
printed if ITER is a multiple of ISLINE.

The next section of the OUTPUT routine calculates output on user-designated hub-
shroud station lines where they intersect the streamlines. This output is calculated
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and printed in the hub-shroud direction, in contrast to the throughflow direction of the
previous two sets of output. It is only calculated if ITER is a multiple of ISTATL. The
z- and r-coordinates of the station lines are calculated first. All '"'regular'’ station
lines are straight lines (not necessarily radial) from the hub to the shroud. ""Blade
edge'" station lines are those whose hub and tip coordinates correspond to the intersec-
tions of the blade leading and trailing edges with the hub and tip. Coordinates along
these station lines will follow these edges even when the edges are curved. After the
z- and r-coordinates are established, m-coordinates are calculated from these, again
using the upstream mesh boundary as the reference for m = 0.

For a station line on the leading or trailing edge, free-stream values are extrap-
olated along mesh lines to the leading or trailing edge and then interpolated along the
leading or trailing edge at the specified output streamlines. The quantities Wz, W,
and B are extrapolated and interpolated in this manner, and thus W and WG are
calculated. On the other hand for a station line that is not on the leading or trailing
edge, interpolations from the orthogonal mesh are made by LININT to obtain W _, W ,
and W,, and then W, and g are calculated. For all station lines, the meridional
streamline curvature and the fractional total pressure loss are then interpolated from
the orthogonal mesh by LININT. Now o and W are calculated by using the equations
given previously. LININT is then called to interpolate W 1 and Wtr for station lines
that lie within the blade. Finally, the remaining station-line output Vg, V, g, T',
W/W er? p'", T, p', T, p, and p is calculated at each point. The station-line output
is then printed.

The final small section of OUTPUT then restores W Z and Wtr to the proper ar-
rays if they were interchanged to correspond to suction and pressure surfaces for print-
out, and any "'choked'' messages are removed.

Subroutine BLDVEL

Subroutine BLDVEL calculates blade surface velocities and densities and Ft' First,
#rVgy)/ot and ArV,)/2s are calculated by using the SLOPES subroutine. Then,
[d(rve)/dm]B cos 8 is calculated, and W, and W, are calculated by equation (G4)
of part I (ref. 8). From this, p, and p, . are calculated by equations (D4) and (D5)
of part I. The average density Pay is calculated by Simpson's rule

Pyt Appnid t Py
Pay = 6

This quantity is used in NEWRHO in the next iteration. Then, the predicted value of F;
is calculated by
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)
t

DFDM (4)

W |E
2

where

d(rv 9)

dm

DFDM = -B cos 3

Equation (4) is obtained from equations (B25) and (G2) of part I. The new value for Ft
is calculated from the old Ft and the predicted value of Ft by using the input damping
factor FNEW, as explained in the section INPUT of part I.

At the end, the minimum and maximum predicted values of Fy and the maximum
change in Ft are calculated and printed. If debug output is requested, the arrays that
change each iteration are printed.

Subroutine ILETE

The points where streamlines are intersected by the vertical orthogonal mesh lines
are the streamline mesh points. These are, in general, different from the orthogonal
mesh points. Subroutine ILETE calculates two integer arrays, ILS and ITS. They con-
tain the numbers of the vertical mesh lines at the first intersection of a streamline with
a vertical mesh line inside the blade region at the leading and trailing edges of the
blades. These points are illustrated in figure 15. The ILS and ITS arrays are used in
OUTPUT in the calculation of blade surface velocities along streamlines.

.~Streamlines

-~ Vertical orthogonal
mesh lines

I415

Is-1

Figure 15. - Location of IS, ITS points by ILETE.
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Subroutine INDEV

Subroutine INDEV recalculates 96/9s to allow for incidence and deviation. This
means that the midchannel flow surface differs from the blade mean camber line near
the leading and trailing edges, so as to match the upstream and downstream flow angles.
Figure 16 shows the procedure as applied to the leading edge. A similar correction is
made at the trailing edge. A correction for blockage is made so as to satisfy both con-
tinuity and tangential momentum at blade leading and trailing edges.

The calculation starts at the hub and proceeds to successive horizontal mesh lines
up to the tip. Both incidence and deviation corrections are calculated for each horizontal
mesh line.

First, the blade mean camber angle Bp. le at the leading edge is calculated. Then
the flow angle corrected for blockage at the ieading edge Bus is calculated from equa-
tion (F1) of part I. The corrections to 96/3s are made so that the difference between
[ and Bp varies linearly from the blade leading edge to the distance specified in ap-
pendix F of part I. This distance is DISTLE. The interpolation to calculate Bpf
(BETALJ) at each orthogonal mesh point near the leading edge is done next, followed by
the calculation of (26/ Z-)s)bf (DTHDS(I, J)) from equation (F2) of part I. The calculation
of blocked and unblocked incidence angles completes the leading-edge calculation. The
trailing-edge deviation calculation is done in the same manner as the incidence calcula-
tion. Finally, the incidence and deviation angles are printed if there was any output re-
quested for the current iteration.

No correction is made to 96/dt since it is nearly normal to the flow.

“~Mean camber fine

- Line midway between
mean camber lines

' Mean camber line

= Corrected
midchannel
flow surface

“Free-stream flow - -
Figure 16, - Corrected midchannel flow surface. The corrected

midchannel flow surface Is used to calculate {30/as)y. In-
cidence =By - By,
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Subroutine TSONIN

Subroutine TSONIN generates and prints the data required as input to the TSONIC
blade-to-blade analysis program (ref. 3). Subroutine TSONIN is only called when ITER
is a multiple of ITSON. The data generated are printed for each of the stream surfaces
‘from hub to shroud, using 1 percent of the mass flow about a streamline to define a
stream surface or flow channel.

A complete descrlptlon of the TSONIC input is given in the TSONIC report (ref 3).
The output generated in TSONIN can in general be directly submitted to the TSONIC
program, However, the output should be inspected before doing s0, because slight
changes are sometimes required, depending upon how the user w1shes to run the TSONIC
program. These changes are described in part I

Along each output streamline, TSONIN obtains the upstream and downstream flow
conditions Ti, p}, A, and (rvy) o With calls to TIPF, RHOIPF, LAMDAF, and RVTHTA.
LININT calls are then used to obtain all the variables required to calculate blade-to-
blade streamsheet thickness b, as well as loss distribution along the streamsheet. The
thickness b is obtained from

P; = Py
LT g BW, - Wtr)

(me)a = pavwm +

which is derived from equation (G9) of part I, and
b = v

(pW_) rB
T av

Then TSONIN calculates the blade surface geometry on blade-to-blade stream sur-
faces by a method described in reference 10. This process is complicated by the fact
that leading- and trailing-edge radii are not used by MERIDL and have to be generated
by TSONIN within the blade surface envelope. The:origin for 6-coordinates for TSONIC
is at the center of the leading-edge radius. Since the léading-edge radius is not known
at the outset, 6-coordinates are initially calculated from the intersection of the mean
camber line with the leading edge (appendix E). After the leading-edge radius has been
determined, A9, the difference in 6 from the intersection of the mean camber line with
the leading edge to the center of the leading-edge radius, is calculated and subtracted
from all calculated blade surface 6-coordinates. The technique used to generate the
blade leading- and trailing-edge radii and calculate A§ are described in appendix E.

Subroutine TSONIN calculates the blade surface coordinates for each point where the
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meridional streamline is intersected by a vertical orthogonal mesh line, as explained in
appendix E. If the blade envelope has no thickness at the leading or trailing edge,
TSONIN gives it a leading-edge diameter equal to one-tenth of 1 percent of meridional
chord. Any surface points too close to the leading- or trailing-edge points are then
omitted from the set of surface coordinates.

Then TSONIN calculates leading- and trailing-edge radii within the surface envelope
as described in appendix E. The points of tangency of the radii with blade surfaces, and
the tangency angles, are also obtained. The ta,ngencir points are then made the first and
last points on each of the surfaces, and points outside of these or too close to these are
excluded. All 8-coordinates are then shifted to TSONIC section origin (see appendix E).
Finally, TSONIN calculates r-coordinates for each surface point, surface slopes,
second derivatives, and curvatures and prints this information for both blade surfaces.
This process is repeated for each streamline.

Subroutine TVELCY

Subroutine TVELCY calculates the full-mass-flow, transonic solution when REDFAC
is less than 1. The velocity-gradient equation given in appendix A of part Iis used to
obtain the solution. Figure 17 is a flow chart for TVELCY.

The first step in the program is to restore the full value of mass flow, rotational
speed, and inlet and outlet whirl. The subroutines LAMDAF and RVTHTA must then
be reinitialized.

Next, an/am and BWQ/am are calculated. These are calculated from the
partials with respect to s and t by using the angle ¢ - ¢. Since the calculations are
based on the reduced-mass-flow values of W, and W,, the result must be divided by
REDFAC to obtain the full-mass-flow values.

After statement 55, variables are initialized for the main loop on vertical mesh
lines. To start, I =0 and INCR = 1.

Statement 60 is the beginning of the main loop that ends at statement 290. The main
loop starts at the upstream boundary and solves the velocity-gradient equation for each
vertical mesh line. If there are blades, the procedure is to move downstream to each
of the vertical mesh lines in sequence until the blade leading edge is reached. At this
time, LINDV is called to make incidence corrections to 3 for a short distance beyond
the leading edge, as described in appendix F of part I. After all leading-edge correc-
tions to g8 are made, there is a jump to the downstream boundary. Then the procedure
is to move upstream to the blade trailing edge, at which time TINDV is called to make
deviation corrections to 3. The program then proceeds upstream until a solution has
been obtained for every vertical mesh line.
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At statement 60, INCR is added to I to determine the next vertical mesh line. INCR
is 1 at the start. After all incidence corrections to B are made, INCR is changed to -1.
Then the solution will be found at the downstream boundary (I = MM) and I will decrease.

The initial estimate of W on the hub (WHUB) is set equal to the reduced-mass-flow
value for W divided by REDFAC. The first inner DO loop to statement 80 calculates
coefficients a, b, and d for the velocity-gradient equation (A7) of part I. These coef-
ficients are calculated by equations (A8) to (A10) of part I. The initial arrays for whirl,
temperature, and density are calculated at the same time. In this same loop a check is
made to see if LINDV or TINDV should be called to make incidence or deviation correc-
tions to 3. After the DO loop to statement 80, INCR will be set to -1 if all the incidence
corrections have been made.
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The outer iteration for a given vertical mesh line begins at statement 90. The first
inner loop here calculates coefficient ¢ for the velocity-gradient equation from equation
(A9) or (A10) of part I, as well as 2wx - (wr)z, 2cpT{, and cos(y - ¢)rB at each mesh
point. The next DO loop to statement 130 calculates coefficients e and f from equa-
tion (A11) of part L

At statement 140, IND is set to 1 to indicate the beginning of the inner iteration pro-
cedure. Each inner iteration then begins at statement 150. First, initial values are set.
The numerical solution of the velocity-gradient equation and the mass-flow integration
are done in the DO 200 loop. Trial values of WHUB are used in the velocity-gradient
equation, until the solution obtained results in the input mass flow across the vertical
mesh line. The first iteration will use the value calculated by the second statement after
statement 60, Later iterations will use estimated values calculated by CONTIN. Once
WHUB is specified, the numerical solution to the velocity-gradient equation is calculated
by the Heun method (ref. 7). The equations used in the Heun method for this case are

-

W;+1 =W, + (dW)j first estimate for L

W;‘II = Wj + (dW)}:_1 second estimate for W. 4

: > (5
W’."+ 1+ W’.":l
=dr I+ . .
Wit , average of two estimates for Wit ]

where (dW)j (eq. (A7) of part I) is evaluated at the jth mesh point from the hub with

W = Wj and where (dW)’.“+1 is evaluated at the j + 1 mesh point with W = W;;_l. At the
same time that the solution of the velocity-gradient equation is being calculated, the
mass-flow integration is also being calculated by trapezoidal integration of

w ='/01tip pW cos g cos(q - ¢)rB dt

The inner iteration ends when the velocity-gradient solution gives the correct mass flow
in this equation (or if the choking mass flow is less than the input mass flow). If the cor-
rect mass flow is not obtained in 100 iterations, an error message and debug informa-
tion are printed, and the program goes on to the next vertical line.

After the end of the inner iteration, at statement 250, the new stream-function
values are compared with the previous outer iteration; if there is a change of more than
0.01 percent, the inner iteration will be repeated (set REPEAT = . TRUE.). Then the
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PLOSS array is updated by calling LOSSTV, and arrays of T}, pi, A, and (rVe)o are all
adjusted to new values. At this point there will be another outer iteration if the solution
has not converged and there are less than 1000 total iterations. If there are over 1000
total iterations for any vertical mesh line, the calculation for that mesh line is termi- 1
nated. After the termination of the outer iteration, error messages are printed if there
is choking or if a converged solution cannot be found. If INCR = 1, the program moves
downstream to the next vertical line. At the appropriate point the procedure shifts to
the downstream boundary and moves upstream until all vertical mesh lines have had a
solution. This may involve redoing some verticél mesh lines, since the deviation re-
gion could extend to a vertical mesh line that crossed the incidence region.

After all mesh lines have been solved, a final choking message is printed if any
vertical mesh line was choked. Control is then rgturned to the main program.

Subroutine LINDV

Subroutine LINDV recalculates 8 to allow for incidence and deviation in a manner
similar to INDEV. LINDV is called only for the velocity-gradient solution, so that cor-
rections are made to B instead of to 90/0s. Also a density correction is made to
satisfy flow continuity at the blade leading and trailing edges (appendix F). Otherwise,
the calculation is similar to that in INDEV. The first part of the subroutine does the
incidence calculation only. The deviation calculation is done from the TINDV entry
point. The final entry point is PINDV and is used only for printing previously calculated
incidence and deviation angles.

Functions LAMDAF, RVTHTA, TIPF, and RHOIPF

These four routines are similar. Their purpose is to calculate one of the free-
stream quantities as a function of stream function. Interpolation is by means of a spline-
fit curve. All these subroutines have an alternate entry point for initialization. The
initializing call results in a SPLINE call to calculate the coefficients for the spline fit.

If the free-stream quantities are not given as input as a function of stream function (i.e.,
if LSFR = 1), the stream function is first estimated and later iterated to be adjusted to
the correct stream-function value. These adjustments to the stream function (SFIN

and SFOUT) are done in LAMDAF and RVTHTA. '

The input argument for all these subroutines is SF, which is the value of thé stream
function.

4an



Subroutine CONTIN

Subroutine CONTIN is a curve-fitting routine. On each call the calling programs
must furnish a point on the curve, and then CONTIN will specify the next value of the
abscissa. The calling program must then calculate the ordinate corresponding to this
abscissa. After three calls, a parabola is fitted through the three points, and this is
used to estimate the abscissa where the desired ordinate will be obtained. XEST is the
value of the abscissa, and YCALC is the value of the ordinate on each call. XEST is
changed by CONTIN to return the next value of the abscissa to the calling program.

Figure 18 is a flow chart for CONTIN. Flow through the program is controlled by
the value of IND. For each new case, IND is set to 1 by the calling program. Then
CONTIN changes the value of IND on later calls. The significance of IND on the various
calls is given in table IV. XDEL is the maximum increment for the change in XEST. On
the first two calls, usually XEST is increased by XDEL each time. The exception is
when YCALC is greater than YGIV and the subsonic solution is desired (JZ = 1). Then
XEST is decreased by XDEL each time.

On the third and later calls, there are always three points so that a parabola can be
fitted through the three points. The parabolic coefficients are calculated by subroutine
PABC. Anytime that XEST falls outside the range of previously calculated values, a
shift is made until XEST is within the desired range.

When the parabolic curve is close to a straight line, equation (G13) is used instead
of the quadratic formula. The reason for this is explained in appendix G.

Figure 19 illustrates the procedure for a typical case. On the first call to CONTIN,
IND = 1 and YCALC corresponding to XEST is furnished by the calling program. Sup-
pose that YCALC is less than YGIV and that the subsonic solution is requested. Then
XEST becomes XORIG, and YCALC becomes Y(1) in figure 19. XORIG will be the origin
for the curve fitting so that X(1) = 0 in this case. Next CONTIN increases XEST by
XDEL. Then a return is made to the calling program to obtain the YCALC that corre-
sponds to this value of XEST. On the second call to CONTIN, the new value of YCALC
becomes Y(2) and XEST - XORIG becomes X(2), as indicated in figure 19. Subroutine
CONTIN increases XEST by XDEL again, and a return is made to obtain YCALC for the
third time. On the third call to CONTIN, the new value of YCALC becomes Y(3) and
XEST - XORIG becomes X(3). This gives the three points shown in figure 19. The
curve shown represents the true curve of YCALC against XEST.

At this time, a check is made to determine whether the solution is within the range
of the three points obtained. If not, additional points are calculated, and the three
points are shifted as required. For example, in figure 19 a shift to the right is re-
quired In this case, point 2 would become point 1, point 3 would become point 2, and
XEST would be increased by XDEL. This procedure is repeated until either the solution
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TABLE IV. - SIGNIFICANCE OF IND IN VARIOUS

CALLS TO CONTIN

Value of Call Significance
IND
1 First First call
Second JZ = 1, YCALC less than WTEL,

or JZ = 2

3 Second JZ = 1 and YCALC greater than
WTFL

4 Third IND = 2 on second call

10
11
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Third
Fourth or later

Fourth or later

Fourth or later

Never
Never
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Left shift made so that XEST will
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found

YGIV

Y3
Y2

yih

—={XDEL]=-

= XDEL[~~

X
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Figure 20. - Approximating curve with a parabola.

or the maximum point is within the range of the three points obtained.

Since the curve represents mass flow as a function of the velocity at some point,
the curve will be of the type shown. The maximum point on the curve is the choking |
mass flow. This type of curve is approximated well by a quadratic curve. After it has
been deterrhined that a solution is within the range of the three points (i. e.,

Y(1) = YGIV = Y(3) for a subsonic solution), a parabola is fitted through the three
points. This situation is illustrated in figure 20. The next value of XEST is determined
by the point where the parabolic curve intersects the YGIV line. Then the return is
made to obtain YCALC. If YCALC is sufficiently close to YGIV, this will be the solu-
tion. Otherwise, CONTIN is called again, XEST - XORIG becomes X(2), YCALC be-
comes Y(2), and the procedure is repeated (as many as 100 times) until YCALC is suf-
ficiently close to YGIV.

The detailed operation of subroutine CONTIN is given in figure 18 and table IV.
The calling statement for CONTIN is

CALL CONTIN(XEST, YCALC, IND, JZ, YGIV, XDEL)

The input variables for CONTIN are

XEST last value of X used to calculate YCALC
YCALC value of Y corresponding to XEST; calling program calculates YCALC

IND controls sequence of calculation in CONTIN; calling program sets IND = 1
to indicate a new solution
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JZ determines whether subsonic or supersonic solution will be obtained:
JZ = 1, subsonic solution
JZ = 2, supersonic solution

YGIV value of Y desired for solution

XDEL maximum permissible change in XEST between iterations
The output variables for CONTIN are

XEST value of X to be used to calculate the next value for YCALC

IND used to control next iteration in CONTIN and to indicate when a choked solution
is found or when no solution can be found (table IV)

_The internal variables for CONTIN are

ACB2 ac - y)/b°

APA coefficient a of X2 in quadratic fit
BPB coefficient b of X in quadratic fit
CPC constant ¢ in quadratic fit

DISCR discriminant, Vbz - 4ac

NCALL number of times CONTIN has been called for a given case

X array of three values of XEST - XORIG

XORIG value of XEST on initial call, modified by right or left shifts
XOSHFT amount of change of XORIG

Y array of three values of YCALC

Subroutine PABC

Subroutine PABC calculates coefficients A, B, and C of the parabola y = Ax?
+ Bx + C passing through three given x,y points.

Subroutine INRSCT

Subroutine INRSCT calculates the coordinates of the point of intersection of two
spline curves lying on a common plane that are known to cross within the range of the
end points of each. In a general x-y coordinate system the first spline curve is sup-
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plied to INRSCT as a function of x

y = (x)

and the second as a function of y

x = g(y)

The solution technique consists of systematically constructing pairs of tangent
slopes to the two curves and locating the points of intersection of the two slopes. Each
intersection point provides new coordinates from which new slopes and an intersection
are calculated. These intersections quickly converge to the intersection point of the
original curves.

This technique is illustrated in figure 21. The original trial x-coordinate is always
midway between the end points for f(x). This value is Xy, from which y; and slope s,
are calculated by SPLINT. The calculated vy is then used as input to SPLINT for g(y).
From this SPLINT call, x, and 8, are calculated, as shown in figure 21. The inter-
section point of the two slopes is calculated from

8,80(Xqg - X)
+122 17

X =X
c 2

s.(x, - X,)
gy = vy + 12 " %y

x = gly}

y = flx)

® Present trial
o Next trial

Figure 21. - Procedure for calculating intersections in INRSCT. ‘
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Then X, becomes X4 for the following iteration of this process.

To check convergence of this process, the distance is calculated between each pair
of intersection points x e Ve for adjacent iterations. When this distance becomes less
than the tolerance, an exit is made from INRSCT. Failing to meet the tolerance in
20 iterations causes an error message to be printed.

The calling statement for subroutine INRSCT is

CALL INRSCT(XCURV1, YCURV1, N1, XCURVZ2, YCURV2, N2, XCROSS, YCROSS)
The input arguments for INRSCT are

XCURVI1(N1) x-coordinates for f(x)
YCURV1(N1) y-coordinates for y = f(x)
XCURV2(N2) x-coordinates for x = g(y)
YCURV2(N2) y-coordinates for g(y)

N1 number of spline points for f(x)

N2 number of spline points for g(y)
The output arguments for INRSCT are

XCROSS x-coordinate of intersection of two input curves

YCROSS  y-coordinate of intersection of two input curves

Subroutine LININT

Subroutine LININT is a generalpurpose subroutine for two-dimensional interpola-
tion. It is called many times by several subroutines.

Subroutine LININT locates the point X ¥q in a two-dimensional mesh with coor-
dinates stored in the x- and y-arrays. Then the value of z o at x o Yo is interpo-
lated from the z-array values corresponding to the x- and y-arrays. Figure 22 is a
flow chart for LININT.

A typical mesh is shown in figure 23. The mesh need not be orthogonal; but it must
consist of two sets of lines, with one set running more or less horizontally (never ver-
tically) and the other set running more or less vertically (never horizontally). The
number of vertical lines is NX, and I denotes the number of the line (running from 1 at
the left to NX at the right). The number of horizontal lines is NY, and J denotes the
number of the line (running from 1 at the bottom to NY to the top). The lines between

mesh points are assumed to be straight lines.
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Figure 23. - Typical mesh for LININT,

At the outset, some value of I and J must be specified. Any value within the pre-
scribed limits is legal. On repeated calls to LININT, usually the value from the pre-
ceding call is used. The values of I and J desired are the numbers shown at the bottom
of figure 23. In this figure, I =4 and J = 3. The procedure is to check to see on which
side of each of the four boundary lines the point lies. The variables ABOVE and RIGHT
are used to indicate the position. ABOVE = -1 indicates that the point is below the bot-
tom line; ABOVE = 0, that the point is between the bottom and top lines; and
ABOVE = 1, that the point is above the top line. Similarly, RIGHT = -1 indicates that
the point is to the left of the left line; RIGHT = 0, that the point is between the left and
right lines; and RIGHT = 1, that the point is to the right of the right line. Thus, when
ABOVE = RIGHT = 0, we have the correct mesh region. If not, I and/or J are incre-
mented by plus or minus 1 to move to the proper adjacent region. In this way, even-
tually the proper region will be found. If the point lies entirely outside the region de-
fined, the nearest mesh region to the point Xy Yo Will be found. In this case, extra-
polation is required, and the variable EXTRAP is used to indicate the direction of
extrapolation. EXTRAP is dimensioned 2. EXTRAP(1) corresponds to ABOVE, and
EXTRAP(2) to RIGHT.

After the proper mesh-point region is found, interpolation between the function
values at the four corners is used. The method is described in appendix G. First, the
quadratic coefficients are calculated by equation (G8) or (G10). Then, the quadratic
equation (G7) or (G9) is solved either by the quadratic formula or by the binomial ex-
pansion, equation (G13), as explained in appendix G. ' ' ' :

The same coding is used to calculate both f. and fy. After these values are ob-
tained, equation (G14) is used to calculate the interpolated value of z o

The calling statement for LININT is
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CALL LININT(X, Y, Z, NX, NY, NDIMX, NDIMY, X0, Y0, Z0, L, J)

The input variables for LININT are

two-dimensional array of x-coordinates of mesh points
two-dimensional array of y-coordinates of mesh points
two-dimensional array of z-function values at mesh points
number of mesh points in x-direction

number of mesh points in y-direction

dimension of X-, Y-, and Z-arrays in x-direction

dimension of X-, Y-, and Z-arrays in y-direction

x-coordinate of interpolation point

y~-coordinate of interpolation point

initial guess at number of vertical mesh line to the left of (X0, Y0)

initial guess at number of horizontal mesh line below (X0, Y0)

The output variables for LININT are

Z0 interpolated value of Z at (X0, YO)

I number of vertical mesh line to left of (X0, Y0)

J number of horizontal mesh line below (X0, Y0)

The internal variables for LININT are

ABOVE

ACB2
CASE
DISCR
EXTRAP
FA

FB

FF

integer, 1 indicates that (X0, YO) is above the current I, J region, 0 wif}.xi'r-l,
and -1 below

ac/b? (eq. (G13))

used to indicate whether F1 or F2 is the proper solution
discriminant, b2 - dac (eq. (G7) or (G9))

array to indicate extrapolation either horizontally or vertically

~b/2a (eq. (G7) or (G9))
‘/(b2 - 4ac)/2a (eq. (GT) or (G9))
fx or f§

y

57



fX
FY fy

F1 (-b - ¥b? - dac)/2a
. F2 (-b + Vbz - 4ac)/2a

LJEX indicator, first or seco?ld pass through coding to calculate f, or fy
IN new value for I

JIN new value for J

QA a (eq. (G8) or (G10))

QB ~ b (eq. (G8) or (G10))

QC ¢ (eq. (G8) or (G10))

RIGHT integer, 1 indicates that X0, YO is to the right of the current I, J region,
0 within, and -1 left

X01 X01 (see appendix G for notation)
X02 X439 O Xjg

X13 Xy3 O Xyg

X21 Xgq Or Xgy

X42 X49 OF Xyq

Y01 Yo1

Y02 Yo OF Vo3

Y13 Y13 or Y19

Y21 Y91 OF Y31

Y42 Y43 OT Y43

Subroutine ROTATE

Subroutine ROTATE is a general-purpose subroutine to rotate coordinates of one-
or two-dimensional arrays of x- and y-coordinates. The rotated coordinates calcu-
lated by ROTATE may be placed in the original input arrays, or they may be placed in

new arrays.
The calling statement for ROTATE is

CALL ROTATE(ANGROT, X, Y, NX, NY, NDIMX, NDIMY, XROT, YROT)
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The input variables for ROTATE are

ANGROT angle of rotation, rad

X one- or two-dimensional array of x-coordinates
Y - one- or two-dimensional array of y-coordinates
NX number of points to be rotated for a one-dimensional array; number of

points denoted by first subscript for a two-dimensional array

NY number of points denoted by second subscript for a two-dimensional array
(NY =1 for a one-dimensional array)

NDIMX dimension for first subsci‘ipt of X, Y, XROT, and YROT arrays
NDIMY dimension for second subscript of X, Y, XROT, and YROT arrays

The output variables for ROTATE are

XROT one- or two-dimensional array of rotated x-coordinates

YROT one- or two-dimensional array of rotated y-coordinates

Subroutine SPLINE

Subroutine SPLINE calculates the first and second derivatives of a cubic spline
curve at the spline points. SPLINE solves a tridiagonal matrix given in reference 11
to obtain the coefficients for the piecewise cubic polynomial function giving the spline-
fit curve. The SPLINE routine is based on the end-point condition that the second
derivative at either end point is one-half that of the next spline point.

The calling statement for SPLINE is

CALL SPLINE(X, Y, N, SLOPE, EM)
The input variables for SPLINE are

X array of ordinates
Y array of function values corresponding to X

N number of X and Y values given
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The output variables for SPLINE are

SLOPE array of first derivatives

EM array of second derivatives

Subroutine SPLINT

Subroutine SPLINT is used for interpolation, including interpolation of first and
second derivatives. The interpolation is based on the cubic spline curve, with the same
end conditions as SPLINE. The alternate entry point, SPLENT, allows for interpolation
at a new set of points based on the spline curve of the previous SPLINT call.

The calling statement for SPLINT is

CALL SPLINT(X, Y, N, Z, MAX, YINT, DYDX, D2 YDX2)

The input variables for SPLINT are

X array of spline-point ordinates

Y array of function values at spline points

N. number of X and Y values given

Z array of ordinates at which interpolated values and derivatives are desired

MAX number of Z values given

The output variables for SPLINT are

YINT array of interpolated function values
\
DYDX array of interpolated derivatives

D2YDX2 array of interpolated second derivatives

Subroutine SLOPES

Subroutine SLOPES calculates the first derivatives (slopes) based on a parabolic
fit through three adjacent points. This subroutine is used when the input points may not
be sufficiently smooth for the SPLINE subroutine.

The calling statement for subroutine SLOPES is

CALL SLOPES(X, Y, N, SLOPE)
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The input arguments for SLOPES are

X array of ordinates
Y array of function values corresponding to X
N number of X and Y values given

The output variable for SLOPES is

SLOPE array of first derivatives

Subroutines SPLISL and SPINSL

Subroutines SPLISL and SPINSL are the same as SPLINE and SPLINT, respectively,
except that the end condition is a specified end-point slope. The input and output vari-
ables are the same, but with two added input variables, Y1P and YNP, which are the
slopes at the first and last spline points.

Plotting Subroutines

There are four subroutines that do the plotting for MERIDL: INPLOT, MEPLOT,
SLPLOT, and SVPLOT. In addition, another subroutine, PTBDRY, is called by
MEPLOT to calculate hub and shroud, and leading- and trailing-edge boundaries. The
plotting routines use the NASA Lewis in-house microfilm plotting package described
in reference 12. These five routines are self-contained and can easily be removed from
MERIDL without disturbing the rest of the calculations. On the other hand, if the user
wants to obtain plots, he can code his own plotting routines by referring to the program
listing which follows and consulting reference 12 to determine the functions of the vari-
ous plotting calls.

MAIN DICTIONARY

The main dictionary for MERIDL is given in this section. It contains the definitions
of variables for all the principal subroutines (from INPUT to RHOIPF, see table of
contents) of the program. The remaining subroutines (CONTIN or SPINSL) are of a
general-purpose nature and have their own local dictionaries included in their descrip-
tions.
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All important variables are included in the main dictionary. These include all
COMMON variables, any dimensioned variables in the subroutines, and all important
undimensioned variables. Only locally used undimensioned variables of minor impor-
tance are not included.

The names of all dimensioned variables are followed by the variables that determine
what the dimensions should be. For example, the three-dimensional array A is dimen-
sioned A(4, 100, 101) in the /VARCOM/ COMMON but is listed as A(4, MM, MHTP1) in
the dictionary. This enables the user to easily reduce the dimension of A (and reduce the
program's variable storage) if he knows maximum limits to MM and MHTP1 for his ap-
plication. See the section STORAGE REQUIREMENTS for further explanation.

The dictionary also indicates the COMMON blocks or the subroutines in which each
variable is used. Variables in COMMON are used in many subroutines. The COMMON
blocks are listed for each subroutine in table I

MAIN DICTIONARY

Variable name COMMON Subroutine Description and comments
block
A4, MM, MHTP1) VARCOM Coefficients of finite-difference equa-

tion (A7) for stream function, u

A0 COEF a, (eq. (A8))
AAA(MM or MESHO Dummy array used in SPLINE and
MHTP1, etc.) THIKOM SPLINT calls

NEWRHO

OUTPUT

TSONIN

LAMDAF

RVTHTA
ALPHA(MM, MHTP1) VARCOM @ at orthogonal mesh points, rad
ALPHLE INDEV o rad

LINDV
ALPHSP (MM) TSONIN @ at TSONIC input points
ALPHTE INDEV Q.. rad

LINDV
ALPSL(MM, NSL) SLCOM @ at points along streamlines where

they cross vertical mesh lines, rad
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Variable name

ALPST(NSL)

ALVERT(MHTPI)

ANG(NPPP)

ANGR(NPPC,NBLPC)

ANGROT

ANGT1(NBLPL)

ANGT2(NBLPC)

ANGZ (NPPC, NBLPC)

AR
ARTEM

ATVEL(MHTP1)

BBB(MM or
MHTPI1, etc.)

BEABST(NSL)

COMMON
block

INPUTT

INPUTT

Subroutine

OUTPUT

OUTPUT

INPUT

THETOM

THETOM

THETOM

THETOM

TSONIN

TVELCY

MESHO
THIKOM
OUTPUT
TSONIN
LAMDAF
RVTHTA

OouTPUT

Description and comments

a at points along station lines where
they cross streamlines, rad

Temporary storage for values of «
from ALPHA array on vertical
mesh lines, rad

Angles from meridional plane of
blade- section mean camber lines at
blade-section input points, rad

Angles with respect to radius of hub-
shroud lines of alternate mesh
(fig. 28), rad

Input angle of rotation, deg

Values from ANGZ array along
constant-percent-chord line,
rad

Values for ANGZ array along
constant-percent-chord line,
rad

Angles with respect to z-axis of input
blade sections (fig. 28), rad

Input gas constant, R, J/(kg) (K)
Temporary AR, J/(kg) K)

Coefficients, a, of velocity-gradient
equation ((AT7), part I) at mesh
points along vertical mesh lines

Dummy array used in SPLINE and
SPLINT calls

B abs at points where station lines
cross streamlines, deg
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Variable name

BESP (MM)
BETA(MM, MHTP1)

BETABF

BETAFS

BETALJ

BETALE(NBLPL)

BETATE(NBLPL)

BETI1
BETI2
BETO1
BETO2

BETSL(MM, NSL)

BETST(NSL)

BFACTR

BLDCRD

BLDEV(MHTP1)

BLDEV

64

COMMON
block

VARCOM

INPUTT

INPUTT

SLCOM

Subroutine

TSONIN

INDEV
LINDV

INDEV
LINDV

OUTPUT
INDEV

TSONIN
TSONIN
TSONIN

TSONIN

OUTPUT
TSONIN
INDEV

LINDV

LINDV

INDEV

Description and comments

Input for TSONIC (ref. 3), m
$# at orthogonal mesh points, rad

Byg within blade, rad
B outside of blade, rad
B at orthogonal mesh point, rad

Input blade angles at leading edge,
deg

Input blade angles at trailing edge,
deg

Input for TSONIC (ref. 3), deg
Input for TSONIC (ref. 3), deg
Input for TSONIC (ref. 3), deg
Input for TSONIC (ref. 3), deg

B at points along streamlines where
they cross vertical mesh lines, rad

B at points along station lines where
they cross streamlines, rad

Multiplying factor for BESP and
ZMSFL

True blade chord along a horizontal
mesh line, m

Deviation angle, corrected for block-
age, where a horizontal mesh line
intersects trailing edge,

(Bbf - Bb)te, deg

Deviation angle, corrected for block-
age, where a horizontal mesh line



Variable name

BLINC(MHTPI1)

BLINC

BLNK

BLOCK(NPPP)

BTBFLEMHTPL)

BTBFTE(MHTP1I)

BTBLLEMHTPI)

BTBLTE(MHTP 1)

BTFSEX(MHTP1)

BTH (MM, MHTP1)
BTHLE(MHTP1)
BTHSL
BTHTE(MHTP1)

BTVEL(MHTP1)

C1

COMMON
block

INDCOM

INDCOM

CALCON

INDCOM

INDCOM

Subroutine

I:INDV

INDEV

OUTPUT

 PRECAL

LINDV
LINDV

OUTPUT

TSONIN

TVELCY

COEF

Description and comments

intersects trailing edge,

- , d
(Bpg = ), » e

Incidence angle, corrected for block-
age, where a horizontal mesh line
intersects leading edge,

(Bys - Bb)le, deg

Incidence angle, corrected for block-
age, where a horizontal mesh line
intersects leading edge,

(Byg = By, + des

Blank word used in some plot titles

' Fractional blockage along input blade

sections

Bt where a horizontal mesh line
intersects leading edge, rad

Brs where a horizontal mesh line
intersects trailing edge, rad

By, Where a horizontal mesh line
intersects leading edge, rad

[ where a horizontal mesh line
intersects trailing edge, rad

B extrapolated to leading or trailing
edge of blade, rad

B at orthogonal mesh points, rad
Ble’ rad
B along a streamline, rad

B rad

te’

Coefficients, b, of velocity-gradient
equation ((A7), part I) at mesh
points along vertical mesh lines

o, (ea. (A8))

65



Variable name

c2

CAMP (MM, MHTP1)
CBETA

CHANGE

CHFL

CHFRMS

CHLIM

CHORD

COSAB

CcP

CPHI(MM, MHTP1)

CPTIP(MHTP1)
CPTIP
CTVEL(MHTPY)
CURV(MM, MHTP1)

CURV1(MM)

CURV2 (MM)
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COMMON Subroutine
block

COEF

VARCOM

TVELCY

SOR

TVELCY

TVELCY

TVELCY

TSONIN

THETOM

CALCON

CALCON

TVELCY

LINDV

TVELCY

VARCOM

TSONIN

TSONIN

Description and comments

c, (ed. (A8))
cos(e - @) at orthogonal mesh points
cos f8

Change in value of stream function at
a mesh point during an over-
relaxation iteration

Choking mass flow for a vertical
orthogonal mesh line, kg/sec

Ratio of minimum choking mass flow
to input mass flow

Minimum choking mass flow per
passage, kg/sec

Length of blade section along stream-
line (m-direction) (input to TSONIC,
ref. 3). m

Cosine of ANGZ + ANGR

o J/ (kg) K) -

cos ¢ at orthogonal mesh points

2¢ T} along vertical mesh lines,
(N) (m) /kg

2¢_TI!,
pi

(N) (m)/kg

Coefficients, ¢, of velocity-gradient
equation ((A7), part I) at mesh
points along vertical mesh lines

1/r, at orthogonal mesh points, 1/m

Curvature of upper blade surface at
TSONIC input points, 1/m

Curvature of lower blade surface at
TSONIC input points, 1/m



Variable name

CURVSL(MM, NSL)

CURVST(NSL)

D1

D2
D2BDM2 (MM)

D2TDM1(MM)

D2TDM2 (MM)

D2YDX2(NPPP or
MHTP1)

D2YDX2(NPPC or

NBLPC)

DALDS(MM)

DALDT(MM,MHTP1)

DALVER(MHTP1)

DAMP

DBDM (MM)

DBL

COMMON
block

Subroutine

SLCOM

OoUTPUT

COEF
COEF
TSONIN

TSONIN

TSONIN

PRECAL

THETOM

OUTPUT

OUTPUT

OUTPUT

TSONIN

TSONIN

TSONIN

Description and comments

1/ r, atpoints along streamlines
where they cross vertical orthogo-
nal mesh lines, 1/m

1/r ¢ at points along station lines

where they cross streamlines, 1/m
d; (eq. (A8))
d, (eq. (A8))
dzB/dmz, 1/m

Second derivative of upper blade sur-
face at TSONIC input points,
rad/m?

Second derivative of lower blade sur-
face at TSONIC input points,
rad/ m?

Second derivative of 6 along input
blade sections, rad/m

Dummy second derivative in SPLINT
calls

9a/3s at mesh points along horizontal
mesh lines, rad/m

da/at at orthogonal mesh points,
rad/m

da /3t at mesh points along vertical
mesh lines, rad/m

Damping factor on iteration for
leading- or trailing-edge radii
{appendix E)

dB/dm

One-half of tangential blade thickness
(in rad) at intersection of a stream-
line with blade leading or trailing
edge
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Variable name

DBTH

DCHANG

DEGRAD

DELCH

DELM

DELMAX

DELMSP

DELR

DELRHO(MM, MHTP1)

DELT

DELTH

DELZ

DFDM (MM, MHTP1)
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COMMON
block

VARCOM

VARCOM

Subroutine

THIKOM

COEF

OUTPUT
TSONIN
INDEV
LINDV

OUTPUT

TSONIN

TVELCY

TSONIN

MESHO
THETOM
OUTPUT

MESHO

TSONIN

MESHO
THETOM
ouTPUT

Description and comments

Tangential blade thickness at or-
thogonal mesh point, rad

Maximum change in estimated values
of 8(rV,)/at at a mesh point be-
tween any two outer iterations,

m/ sec

Conversion constant from radians to
degrees

1 percent of average meridional chord
length of blade, m

Increment of meridional distance, m

Maximum increment for Whub at
each iteration to satisfy continuity,
m/sec

Minimum distance of blade surface
points from leading or trailing edge
(appendix E), m

Increment in r-coordinate, m

Difference in density, between suction
and pressure surfaces, at orthogo-
nal mesh points, kg/ m3

Tangential blade thickness, m

shift in @ origin from MERIDL to
TSONIC, rad

Increment in z-coordinate, m

-B cos B[d(rVe)/dm] at orthogonal
mesh points (eq. (4)), m/sec



Varisble name

DFDS(MM)

DFDT (MM, MHTP1)

DFVERT(MHTP1)

DIP(NBLPL)

DISEOM(MHTP1)

DIST (NPPP)

DIST(NBLPL)

DISTLE

DISTTE

DLAM

DLDU(MM, MHTP 1)

DMAX

COMMON
block

VARCOM

" Subroutine

BLDVEL

BLDVEL

BLDVEL

PRECAL

THIKOM

INPUT

THIKOM

INDEV
LINDV

INDEV
LINDV

TVELCY

COEF

Description and comments

3(rV,y)/8s at mesh points along hori-
zontal mesh lines, m/sec

8(rVg)/at at orthogonal mesh points,
m/sec

3(rVy)/at at mesh points along ver-
tical mesh lines, m/sec

Distance up leading or trailing edge
of blade, m

Distance up leading or trailing edge
of blade, m

Distances on meridional plane along
lines connecting input blade-section
points (ZBL, RBL), m

Distances on meridional plane along
lines connecting input blade- section
points (ZBL, RBL), m

Distance along horizontal mesh line
from leading edge of blade for
which a blade shape correction is
made for incidence, m

Distance along horizontal mesh line
from trailing edge of blade for
which a blade shape correction is
made for deviation, m

Change in rV between pomts on
vertical mesh lines, m 2/sec

Gradients of TV, with respect to
stream function, d(rV,)/du, at
orthogonal mesh points, m°/sec
(This array is only defined and used
in regions outside of blade row.)

Maximum calculated value of
3(rV,)/8t at any mesh point, m/sec
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Variable name

DMIN

DNEW

DOM(MHTPI)

DPDT(MHTPI)

DPREL

DRHOSL

DTANI1

DTAN2

DTDM1(MM)

DTDM2 (MM)

DTDRLE

DTDROM

DTDRTE

DTDS(NPPP)

DTDT(MHTP1)
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COMMON
block

INPUTT

Subroutine

COEF

PRECAL

NEWRHO

TVELCY

TSONIN

TSONIN

TSONIN

'TSONIN

TSONIN

INDEV
LINDV

THETOM

INDEV
LINDV

INPUT

NEWRHO

Description and comments

Minlmum calculated value of
B(rVe)/ 9t at any mesh point, m/sec

Input damping factor on calculation of
3(rV,)/dt within blade row from
outer iteration to outer iteration

Distance up leading or trailing edge
of blade, m

dp"'/dt at mesh points along vertical
mesh lines, N/m°

Change in p"" between points on ver-
tical mesh lines, N/m?>

Difference in density between suction
and pressure surfaces along a
streamline, kg/ m®

d6/dm at upper blade surface
leading- or trailing-edge tangency
point, rad/m

d6/dm at lower blade surface
leading- or trailing-edge tangency
point, rad/m

dé/dm on upper blade surface at
TSONIC input points, rad/m

dé/dm on lower blade surface at
TSONIC input points, rad/m

(ae/ar)le, rad/m

86/8r on orthogonal mesh, rad/m

(BG/Br)te, rad/m

96/0s, rad/m

dT"/dt along vertical mesh lines,
K/m




Variable name

DTDZLE

DTDZOM

DTDZTE

DTHDR(NPPC, NBLPC)

DTHDS(MM, MHTP1)

DTHDSL

DTHDSP (NPPC, NBLPC)

DTHDST

DTHDTMM, MHTP1)

DTHDTP (NPPC, NBLPC)

DTHDZ (NPPC, NBLPC)

DTHEOM(MHTP1)

DTIP

DTPP

DTST1(NBLPL)

COMMON
block

INDCOM

CALCON

CALCON

INDCOM

Subroutine

INDEV
LINDV

THETOM

INDEV,
LINDV

INPUT
PRECAL
THETOM

THETOM

INPUT
PRECAL
THETOM

THETOM

THIKOM

"TVELCY

TVELCY

THETOM

Description and comments
® 9/8z)le, rad/m

06/6z on orthogonal mesh, rad/m

(89/8z)te, rad/m

96/3r on alternate blade mesh
(fig. 27), rad/m

26/8s at orthogonal mesh points,
rad/m

dé/ds at blade leading edge, rad/m

96/0s' on alternate blade mesh
(fig. 27), rad/m

d6/ds at blade trailing edge, rad/m

860/8t at orthogonal mesh points,
rad/m

86/0t' on alternate blade mesh
(fig. 27), rad/m

96/9z on alternate blade mesh
(fig. 27), rad/m

Blade thickness along leading or
trailing edge, rad

Change in T} between points on
vertical mesh lines, K

Change in T" between points on
vertical mesh lines, K

do/ds' at input blade planes along
5-percent-chord lines, rad/m
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COMMON
block

Variable name
DTST2(NBLPC)

DTVEL(MHTP1)

DUDS(MM)
DUDT(MHTP1)
DVTEMP

DVTHDT (MM, MHTP1)
DWMDM (MM, MHTP 1)
DWMDS(MM)
DWMDT(MM, MHTP1)
DWMVER(MHTP1)
DWTDM (MM, MHTP1)
DWTDS(MM)

DWTDT (MM, MHTP1)
DWTVERMHTP1)

DYDX(MHTP1
or NPPP, etc.)
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Subroutine

THETOM

TVELCY

NEWRHO
NEWRHO
COEF
COEF
TVELCY
TVELCY
TVELCY
TVELCY
TVELCY
TVELCY
TVELCY
TVELCY

INPUT
PRECAL
THETOM

Description and comments

' d3/ds' at alternate mesh points along

5-percent-chord lines, rad/m

Coefficients, d, of velocity-gradient
equation ((A7), part I) at mesh
points along vertical mesh lines

- 8u/ds along horizontal mesh lines,

1/m

8u/dt at mesh points along vertical
mesh lines, 1/m

Updated estimate of d(rVB)/dt at a
mesh point, m/sec

d(rVg)/dt at orthogonal mesh points,
m/sec

dW_/dm at orthogonal mesh points,
1/sec

BWm/ ds along horizontal mesh lines,
1/sec

‘awm/at at orthogonal mesh points,

1/sec

BWm/at along vertical mesh lines,
1/sec

dWH/ dm at orthogonal mesh points,
1/sec

8W,/8s along horizontal mesh lines,
1/sec

awe/at at orthogonal mesh points,
1/sec

8W /8t at mesh points along vertical
mesh lines, 1/sec

Temporary storage for derivatives of
SPLINE or SPLINT calls



Variable name

EM(NIN or NOUT)

ERR

ERROR

ETVEL(MHTP1)

EXFRAC

EXPON

EXTRAP

FCHANG

FLFR(NSL)

FMAX

FMIN

FNEW

COMMON

block

CALCON

INPUTT

INPUTT

Subroutine

TIPF
RHOIPF
LAMDAF
RVTHTA

NEWRHO

SOR

TVELCY

OUTPUT
LINDV

INDEV

BLDVEL

BLDVEL

BLDVEL

Description and comments

Second derivatives of spline-fit
curves

Relative change in W at a mesh point

Maximum absolute value of change in
u at any point for an overrelaxa-
tion iteration

Coefficients, e, of velocity-gradient
equation ((A7), part]) at mesh
points along vertical mesh lines

Extrapolation fraction at leading and
trailing edges

V-1

Distance along horizontal mesh line
from blade leading or trailing edge
to first mesh point outside of
blade, m

Maximum value of change in Ft at
any mesh point between any two
outer iterations

Input values of stream function desig-
nating streamlines along which out-
put is to be printed

Maximum new predicted value of Ft
at any mesh point during an outer
iteration

Minimum new predicted value of Ft
at any mesh point during an outer
iteration

Input damping factor on calculation of
Ft from outer iteration to outer
iteration
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Variable name
FST(MM,MHTP1)
F'I;(MM;MHTPl) -
FTT

FTVEL(MHTP)

FVERT(MHTP1)

GAM
H1
H2
H3
H4

TARG
ICARDS

ICOUNT

IDEBUG

IEND
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COMMON
block

VARCOM

INPUTT

INPUTT

Blank

Subroutine

BLDVEL

BLDVEL

TVELCY

BLDVEL

COEF

COEF

COEF

COEF

LINDV

TSONIN

SOR
NEWRHO
TSONIN
TVELCY
LINDV

Description and comments

rV, at orthogonal mesh points,
m?/sec

Ft at orthogonal mesh points
(ea. (Ad), m/scc”

Predicted value of F, at a mesh

point

t

Coefficients, f, of velocity-gradient
equation ({A7), part ) at mesh
points along vertical mesh lines

Temporary storage for values of rVG
from FST array on vertical mesh
lines, m2/sec

Input, v

h1 (eq. (A8), fig. 24)
h, (eq. (A8), fig. 24)
h, (eq. (A8), fig. 29)
hy (eq. (A8), fig. 24)

Integer indicator for mesh line where
deviation correction begins

Integer control on writing of TSONIC
card image input to a file

Integer internal iteration counter

Integer input indicating multiple of
outer iterations at which debug out-
put is printed

Integer indicator of stage of solution
to which program has proceeded:



Variable name

ILE(MHTP1)

ILOS

ILS(NSL)

IMAX

IMESH

INCR

IND

IPLOT

COMMON Subroutine
block

CALCON

L.OSSOM
SLCOM

TVELCY
INPUTT

TVELCY

TVELCY
INPUTT

Description and comments

IEND = -1, prior to convergence of
subsonic solution

IEND = 0, between convergence of
subsonic solution and beginning
of transonic solution

IEND = 1, during first transonic
solution with all velocities
smaller than choking-mass-flow
solution

IEND = 2, during second transonic
solution with all velocities
greater than choking-mass-flow
solution

Vertical mesh line numbers of first
mesh point inside blade region at
leading edge

Integer control on print indicating
negative loss

Vertical mesh line number of first
intersection of a streamline with a
vertical mesh line inside blade
reglon at leading edge

Integer indicator of final vertical
mesh line where an incidence cor-
rection is made

Integer input indicating the multiple
of outer iterations at which major
output is printed for orthogonal
mesh

Integer increment for loop on vertical
mesh lines

Integer that indicates solution proce-
dure in CONTIN

Integer input indicating multiple of
outer iterations at which major
output is plotted
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Variable name

IPRNT

IREVRS

ISLINE

ISTATL

ISUPER

ITE(MHTP1)

ITEMIN

ITEMP

ITER

ITS(NSL)

ITSON

JARG
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COMMON
block

INPUTT

INPUTT

INPUTT

CALCON

Blank

SLCOM

INPUTT

Subroutine

INDEV

TVELCY

TVELCY

TVELCY

LINDV

Description and comments

Integer indicator controlling output

Integer indicator at end of forward
iteration

Integer input indicating multiple of
outer iterations at which major
output is printed along streamlines

Integer input indicating multiple of
outer iterations at which major
output is printed along station lines

Integer input indicating whether only
subsonic, or both subsonic and
supersonic, solutions of velocity-
gradient equation are to be calcu-
lated

Vertical mesh line numbers of last
mesh point inside blade region at
trailing edge

Integer indicating smallest value of
IARG

Temporary storage for IARG

Outer iteration counter, incremented
by 1 at beginning of each outer
iteration

Vertical mesh line number of 1ast
intersection of a streamline with a
vertical mesh line inside blade
region at frailing edge

Integer input indicating multiple of

outer iterations at which information

is printed as input for TSONIC pro-
gram (ref. 3)

Integer indicator for mesh line where
incidence correction ends



Variable name

JZ

K(MM, MHTP1)
(real variable)

KNEW
(real variable)

LAMBDAMHTP1)
(real variable)

LAMBDA
(real variable)

LAMBDO(MHTP1)
(real variable)

LAMBDO
(real variable)

LAMIN(NIN)
(real variable)

LAMOUT(NOUT)
(real variable)

LAMVT

LBLAD

LETEAN

COMMON
block

VARCOM

INPUTT

INPUTT

INPUTT

INPUTT

INPUTT

Subroutine

TVELCY

COEF

TVELCY

NEWRHO

OUTPUT

TVELCY

NEWRHO

Description and comments

Integer used to indicate to CONTIN
that subsonic (JZ = 1) or supersonic
(JZ = 2) solution is desired

kq (eq. (A9)) at orthogonal mesh
points

Updated value of k0 (eq. (A9)) at a
mesh point

A for mesh points along vertical mesh
lines, m%/sec

A, m?/ sec

(rVQ) for mesh points along vertical

o
mesh lines, m?/sec

(xVy) . m?/ sec
0

Input values of A at pointg along line
from hub to shroud on which up-
stream flow conditions are given,
m?%/sec

Input values of (rVe) at points along

(o)
line from hub to shroud on which
downstream fl(_)w conditions are
given, m?/sec

Input integer (0 or 1) indicating
whether upstream and downstream
whirl (0) or tangential velocity (1)
is given as input

Input integer (0, 1, or 2) indicating
type of blade geometry input

Input integer (0 or 1) indicating
whether leading- and trailing-edge
blade angles are given
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Variable name

LINC

LIPS

LMAX
(real variable)

LMIN
(real variable)

LOSOUT(NOUT)
(real variable)

LOSS

LROT

LRVB

LSFR

LTPL

LWCR

MARK

MAXFLO
(real variable)
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COMMON
block

INPUTT

INPUTT

INPUTT

INPUTT

Subroutine

TVELCY
LINDV

TSONIN

SOR

SOR

TSONIN

TSONIN

TSONIN

OUTPUT

TVELCY

Description and comments

Integer indicating completion of
transonic incidence correction at
leading edge

Input for TSONIC (ref. 3)

Maximum value of RATIO over all
mesh points

Minimum value of RATIO over all
mesh points

Input fraction of absolute total pres-
sure loss, at points along line from
hub to shroud on which downstream
flow conditions are given

Input for TSONIC (ref. 3)

Input integer (0 or 1) indicating if ro-
ration of coordinate system should
be used

Input for TSONIC (ref. 3)

Input integer (0 or 1) indicating
whether upstream and downstream
flow conditions are input as a func-
tion of stream function (0) or
radius (1)

Input integer (0 or 1) indicating
whether downstream total pressure
(0) or fractional loss of stagnation
pressure (1) is given in input

Input for TSONIC (ref. 3)

Integers between 1 and 4 indicating
whether output station lines are out-
side blade, within blade, or on
leading or trailing edge

Maximum mass flow for which a so-
lution can be obtained for a vertical
mesh line, kg/sec



Variable name

MBBI

MBI

MBITS

MBO

MBOTS

MHT

MHTP1

MINFLO
(real variable)

MM

MMM1
MMTS

MSFL
(real variable)

MSL (MM, NSL)
(real variable)

COMMON
block

INPUTT

INPUTT

INPUTT

CALCON

INPUTT

CALCON
INPUTT

SL.COM

Subroutine

TSONIN

TSONIN

TSONIN

TVELCY

TSONIN

Description and comments

Input for TSONIC (ref. 3)

Input number of vertical mesh lines
from left boundary of orthogonal
mesh (ZOMIN) to first point of
mesh-size change (ZOMBI)

Input for TSONIC (ref. 3)

Input total number of vertical mesh
lines from left boundary of orthogo-

~ nal mesh (ZOMIN) to point of second
mesh- size change (ZOMBO)

Input for TSONIC (ref. 3)

Input total number of horizontal mesh
spaces from hub to shroud of or-
thogonal mesh; maximum of 100

MHT +1

Minimum mass flow for which a solu-
tion can be obtained for a vertical
mesh line, kg/sec

Input total number of vertical mesh
lines from left to right boundaries
of orthogonal mesh (ZOMIN to
ZOMOUT), maximum of 100

MM -1
Input for TSONIC (ref. 3)
Input tota mass flow through entire

circumferential annulus of machine,
kg/ sec

m-coordinates of points along stream-
lines where they cross vertical
mesh lines, m (Origin of
m-~coordinate is upstream boundary
of orthogonal mesh.) )
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Variable name
MST(NSL)

(real variable)

NADD

NBLPC

NBLPL

NBLPTS

NCHOK

NCOUNT

NHUB

NIN

NLOSS

NMAX
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COMMON Subroutine
block
OUTPUT
TVELCY
INPUTT
INDCOM
INPUTT
TSONIN
OouUTPUT
TVELCY
INPUTT
INPUTT
INPUTT
MESHO

Description and comments

m-coordinates of points where station
lines cross streamlines, m (Origin
of m-coordinates is upstream
boundary of orthogonal mesh.)

Integer number of times WHUB is in-
creased for restart of iteration
procedure

Input number of blades in blade row

Integer number of blade planes in
alternate mesh

Number of input blade planes or blade
sections on which data (ZBL, RBL,
THBL, TNBL, etc.) are given to
describe mean flow surface and
blade thickness, maximum of 50

Number of spline points on suction or
pressure surface of a blade section

Integer number of vertical orthogonal
mesh lines that are choked in the
transonic solution

Total number of iterations or attempts
at satisfying velocity-gradient equa-
tion

Number of input data points in ZHUB
and RHUB arrays, maximum of 50

Number of input data points in up-
stream arrays of flow properties
(SFIN, RADIN, TIP, PRIP, LAMIN,
and VTHIN), maximum of 50

Number of input data points in
PERCRD and PERLOS arrays,
maximum of 50

Maximum of either NHUB or NTIP



Variable name

NOSTAT

NOUT

NPPC

NPPP

NREAD

NREP

NRES

NRSP

NSL

NSLTS

NSPL1

NSPL2

NSUB

NTIP

COMMON
block

INPUTT

INPUTT

INDCOM

INPUTT

Blank

INPUTT

INPUTT

‘Subroutine

- TVELCY

TVELCY

TSONIN

TSONIN

TSONIN

TSONIN

TVELCY

Description and comments

Input humber of hub-shroud stations
(ocated by coordinates in ZHST,
RHST, ZTST, and RTST) at which
output is desired, maximum of 50

Number of input data points in down-
stream arrays of flow properties
(SFOUT, RADOUT, PROP,
LOSOUT, LAMOUT, and VTHOUT),
maximum of 50

Integer number of vertical percent-
chord lines in alternate mesh

Number of input data points per blade
section or blade plane in ZBL,
RBL, etc., arrays; maximum of 50

Integer number of input read file

Integer number of repeats on outer
iteration loop

Integer number of restarts of inner
iteration for a given vertical or-
thogonal mesh line

Input for TSONIC (ref. 3)

Input number of streamlines from hub
to shroud (designated by values in
FLFR) at which output is desired,
maximum of 50

Input for TSONIC (ref. 3)
Input for TSONIC (ref. 3)
Input for TSONIC (ref. 3)

Integer number of times WHUB is de~
creased for restart of iteration
procedure

Number of input data points in ZTIP
and RTIP arrays, maximum of 50
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Variable nhame

NWRIT, NWRTT1,
NWRT2, NWRT3,
NWRT4, NWRTS5,
NWRT6, NWRT7

OMEGA
OMTEM
ORF

ORFMAX

ORFMIN

PC

PERCRD(NLOSS)

PERLOS(NLOSS)

PERLS

PHI

PITCH

PLOSS(MM, MHTP1)

PLOSSL(MM)

PLOST(NSL)

PLOSTE

PPPST(NSL)

PPST(NSL)
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COMMON

block

Blank

INPUTT

INPUTT

INPUTT

CALCON

CALCON

Subroutine

SOR

L.OSSOM

LOSSOM

MESH
OUTPUT

TSONIN

OUTPUT

LINDV

OUTPUT

OUTPUT

Description and comments

Integer numbers of output write files.
Several variables are used so that
output can be stored in more than
one file,

Input rotational speed, w, rad/sec
Input for TSONIC (ref. 3), rad/sec
Overrelaxation factor

Current estimate for maximum value
of ORF calculated by using LMAX

Current estimate for minimum value
of ORF calculated by using LMIN

Fraction of chord from leading edge

Input fraction of chord for PERLOS
input

Input fraction of loss

Fraction of loss at an orthogonal
mesh point

¢, deg

27/NBL, rad

Fractional loss of relative total pres-
sure at orthogonal mesh points

Fractional loss of relative total pres-
sure along a streamline

PLOSS at a point on a station line

Fractional loss of relative total pres-
sure at blade trailing edge

p" along a station line, N/ m?

p' along a station line, N/m?



Variable name

PREL(MHTPI)

PREL
PRELN
PRINP

PRIP (NIN)

PROP(NOUT)

PST(NSL)

R1(MM)

RADIN(NIN)

RADLE

RADOUT (NOUT)

RADSP1(MM)

RADSP2 (MM)

RADTE

RATIO

RBL(NPPP,NBLPL)

COMMON
block

INPUTT

INPUTT

INPUTT

INPUTT

INPUTT

Subroutine

NEWRHO

TVELCY

TVELCY

LOSSOM

OoUTPUT

MESHO

TSONIN

TSONIN

TSONIN

TSONIN

SOR

Description and comments

p" at mesh points along vertical mesh
lines, N/m

pn, N/mz
New p", N/m?

B}, N/m’
Input, pi, at points along line from
hub to shroud on which upstream

flow conditions are given, N/ m?

Input, p;, at points along line from
hub to shroud on which downstream
flow conditions are given, N/ m?

p along a station line, N/ m?

r-coordinate of intersection of
line @, fig. 9, with upper hori-
zontal mesh line, m

Input r~coordinates of points along
line from hub to shroud on which
upstream flow conditions are
given, m

r at leading edge, m

Input r-coordinates of points along
line from hub to shroud on which
downstream flow conditions are
given, m

r-coordinates of upper-blade- surface
spline points, m

r-coordinates of lower-blade-surface
spline points, m

r at trailing edge, m

u;nﬂ/ u;n for use in equations (B2)
and (B3) of reference 9

Input array of r-coordinates, corre-
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Variable name

RBLR

RBLROT(NPPP, NBLPL)

RCARB(MHTPI)

REDFAC

REDTEM

RELER

RELERA

REPEAT

REVERS

RFAC2

RHO(MM, MHTP1)

RHOAV(MM, MHTP1)
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COMMON Subroutine
block
THIK OM
ROTATN
TVELCY
INPUTT
TSONIN
NEWRHO
NEWRHO
TVELCY
OUTPUT
LOSSOM
INPUTT
VARCOM
VARCOM

Description and comments

sponding to ZBL, of points de-
scribing mean blade surface, m

Rotated RBL points at leading and
trailing edges, m

Rotated RBL array, m

cos(® - ¢)rB along a vertical mesh
line, m

Input factor used to reduce mass flow
(MSFL) in order to ensure subsonic
flow throughout flow passage

Input for TSONIC (ref. 3)

Maximum relative change in W at
any mesh point between two outer
iterations

Average relative change in W for all
mesh points between two outer iter—
ations

Logical variable indicating that
velocity-gradient solutions should
be repeated with new values of
TIPT, RHOIP, and LAMBDA

Indicator of which blade surface (lead-
ing or trailing) is suction surface

REDFAC squared, or 1.0 for tran-
sonic solution

Input or calculated r-coordinate of
intersection with hub profile of line
on which upstream flow conditions
are given, m

p, at orthogonal mesh points, kg/m3

Average density across flow channel
from suction surface to pressure
surface, at orthogonal mesh points,

kg/m3



Variable name

RHOBF

RHOBFN

RHOFS

RHOIP(MHTPI)

RHOIP (NIN)

RHOIP

RHOIP

RHOL

RHOP
RHOPP

RHOSL

RHOST(NSL)

RHOT

RHOUT

RHOWAV
RHROT(NHUB)

RHST(NOSTAT)

COMMON
block

INPUTT

ROTATN

INPUTT

Subroutine

INDEV
LINDV

LINDV

INDEV
LINDV

TVELCY

RHOIPF

NEWRHO
OouTPUT
LINDV

TSONIN

BLDVEL
TVELCY

OUuTPUT

OUTPUT

TSONIN

OUTPUT

BLDVEL
TVELCY

TVELCY

Description and comments

3
Pof kg/m

New pyp kg/m3
3
pfs: kg/m
H (1 - Ploss) for mesh points along
vertical mesh lines, kg/ m®

pi at input points of upstream flow
conditions, kg/ m>

p} (1 - Ploss), kg/m3

p} input for TSONIC, kg/m®

Pr: kg/m3
o', kg/m®
p", kg/m®

p at a ZSL, RSL point along a stream-
line, kg/ m®

p along a station line, kg/ m3

3
Peys kg/m

Input or calculated r-coordinate of
intersection with hub profile of line
on which downstream flow condi-
tions are given, m

©W),. ke/ (sec) (m)?
Rotated RHUB array, m

Input or calculated r-coordinates of
intersections of hub-shroud output
gtation lines with hub profile, m
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Variable name

RHUB(NHUB)

RI1

RI2

RILOM(MHTP1)

RIR

RLE(NBLPL)

RLEH

RLEOM(MHTP1)

RLEOMR(MHTP1)

RLESL

RLET

RMSP (MM)

RNOR(2)

RO1
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COMMON
block

INPUTT

CALCON

CALCON

CALCON

ROTATN

CALCON

Subroutine

TSONIN

TSONIN

LAMDAF

LOSSOM

TSONIN

TSONIN

MESHO

TSONIN

Description and comments

Input r-coordinates of points defining
hub or bottom boundary of flow
channel, m

Input for TSONIC (ref. 3), m

Input for TSONIC (ref. 3), m

Radii for spline fit of stream function
against radius

Rotated r-coordinate of intersection
of upstream or downstream input
station line with horizontal mesh
line, m

r-coordinates of input blade-section
points defining leading edge of
blade, m

r-coordinate of intersection of leading
edge of blade with hub profile, m

r-coordinates of intersections of hori-
zontal mesh lines with blade leading
edge, m

Rotated RLEOM array, m

r-coordinate of intersection of a
streamline with leading edge of
blade, m

r-coordinate of intersection of leading
edge of blade with shroud profile, m

r-coordinates of points defining a
stream channel, printed as input
for TSONIC (ref. 3), m

Rotated r-coordinates of points on
straight line normal to previous
TOW, m

Input for TSONIC (ref. 3), m



Variable name COMMON Subroutine Description and comments
block

RO2 TSONIN Input for TSONIC (ref. 3), m

ROLOM(MHTP1) RVTHTA Radii for spline fit of stream function
against radius

ROM(MM, MHTP1) CALCON r-coordinates of orthogonal mesh, m

ROMBI INPUTT Input or calculated r-coordinate of
intersection of vertical mesh line
with hub profile where first change
in mesh spacing occurs (MBI), m

ROMBO INPUTT Input or calculated r-coordinate of
intersection of vertical mesh line
with hub profile where second
change in mesh spacing occurs
(MBO), m

ROMIN INPUTT Input or calculated r-coordinate of
intersection of left boundary of
orthogonal mesh with hub profile, m

ROMOUT INPUTT Input or calculated r-coordinate of
intersection of right boundary of
orthogonal mesh (MM) with hub pro-
file, m

ROMROT (MM, MHTP1) ROTATN Rotated ROM array, m

RPC(NPPC, NBLPC) INDCOM r-coordinates of intersections of
percent-chord lines with input blade
planes; later set to r-coordinates of
alternate mesh (fig. 27), m

RPCT1(NBLPL) THETOM r-coordinates of intersections of
percent-chord lines with input blade
planes, m

RPCT2(NBLPC) THETOM r-coordinates along percent-chord
lines of alternate mesh, m

RRAD(NHUB, MHTP1) MESHO r-coordinates of points along lines
from input points on hub profile to
shroud profile, m
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Variable name

RSL (MM, NSL)

RSLTEM (NSL)

RST(NSL)

RTE(NBLPL)

RTEH

RTEM(MHTPI,
NOSTAT, or 20)

RTEOM (MHTP1)

RTEOMR(MHTP1)

RTESL

RTET

RTIN

RTIP(NTIP)
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COMMON Subroutine
block
SLCOM
OUTPUT
ouTPUT
CALCON
CALCON
OoUuTPUT
CALCON
ROTATN
TSONIN
CALCON
CALCON
INPUTT

Description and comments

Array of r-coordinates of points along
streamlines where they cross verti-
cal mesh lines, m

Temporary storage for calculated val-
ues to be put into RSL array, m

r-coordinates of points along station
lines where they cross stream-
lines, m

r-coordinates of input blade-section
points defining trailing edge of
blade, m

r-coordinate or intersection of trail-
ing edge of blade with hub profile, m

Temporary storage for values from
ROM array on vertical mesh lines;
also temporary storage for values
from RST array along station
lines, m

r-coordinates of intersections of hori-
zontal mesh lines with blade trailing
edge, m

Rotated RTEOM array, m

r-coordinate of intersection of a
streamline with trailing edge of
blade, m

r-coordinate of intersection of trailing
edge of blade with shroud profile, m

Input or calculated r-coordinate of in-
tersection with shroud profile of
line on which upstream flow condi-
tions are given, m

Input r-coordinates of points defining
shroud or top boundary of flow
channel, m



Variable name

RTOLER

RTOUT

RTROT(NTIP)

RTSTMOSTAT)

RVA

RVAS

RVTHI
RVTHO

SAL

SAMP(MM, MHTPI)

SBETA

SDIST

SF

SFIN(NIN)

SFOUT(NOUT)

COMMON Subroutine
block

TVELCY

INPUTT

ROTATN

INPUTT
TVELCY
TVELCY
TSONIN
TSONIN
TVELCY

VARCOM
TVELCY
INDEV
LINDV
LAMDAF
RVTHTA
TIPF
RHOIPF

INPUTT

INPUTT

Description and comments

Tolerance for relative error of calcu-
lated values of integrated mass flow

Input or calculated r-coordinate of in-
tersection with shroud profile of
line on which downstream flow con-
ditions are given, m

Rotated RTIP array, m

Input or calculated r-coordinates of
intersections of hub-shroud output
station lines with tip profile, m

(pW)aV j CcOo8 ﬁj cos{t - (p)jer

kg/ (m) (sec) !

(pw)av,j+l cos Bj+1

x co8(@ = ¢)11T541B541
kg/ (m) (sec)

Input for TSONIC (vef. 3), m%/sec
Input for TSONIC (ref. 3), m2/sec
sin o

sin(@ - ¢) at orthogonal mesh points
sin 8

DISTLE (or DISTTE) plus distance
from blade leading (or trailing) edge
out to first adjacent mesh point, m

Stream function

Input values of stream function along
hub-shroud line on which upstream
flow conditions are given

Input values of stream function along
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Variable name

SLENTH

SLEOM(MHTP1)

SLIDLE

SLIDTE

SLOM{MM)

SLOPE (NIN
or NOUT)

SOM(MM, MHTP1)

SOMIN(MHTP1)

SOMOUT(MHTP1)

SPHI(MM, MHTP1)

STEOM(MHTP1)

STGR
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COMMON
block

"CALCON

CALCON

CALCON

CALCON

Subroutine

LOSSOM

INDEV
LINDV

INDEV
LINDV

MESHO

TIPF
RHOIPF
LAMDAF
RVTHTA

LOSSOM

LOSSOM

TSONIN

A

Description and comments

hub-shroud line on which down-
stream flow conditions are given

Overall s-distance over which loss is
distributed, m

s-coordinates of intersections of hori-
zontal mesh lines with blade leading
edge, m

Solidity at leading edge of blade where
it is intersected by a horizontal
mesh line

Solidity at trailing edge of blade
where it is intersected by a hori-
zontal mesh line

Slopes of horizontal mesh lines at
mesh points

Derivatives of spline-fit curves

s-coordinates of orthogonal mesh, m

s-coordinate of intersection of line on
which upstream flow conditions are
given with horizontal mesh lines,
when there are no blades, m

s-coordinates of intersection of line
on which downstream flow condi-
tions are given with horizontal
mesh lines, m

sin ¢ at orthogonal mesh points

s-coordinates of intersections of hor-
izontal mesh lines with blade trail~
ing edge, m

Input for TSONIC (ref. 3), rad



Variable name

SZRBL(NPPP
or NBLPIL)

SZRPC(NPPC
or NBLPC)

TANBBF

TANBBL

TBFTIP
TGROG

TH1BL(NPPP, NBLPL)

TH2BL(NPPP, NBLPL)

THBL(NPPP,NBLPL)

THLEOM (MHTP1)

THLESL

THPC (NPPC, NBLPC)

THPCT1(NBLPL)

COMMON Subroutine
block

PRECAL
THETOM
THETOM
INDEV
LINDV
INDEV
LINDV
LINDV

CALCON

INPUTT

INPUTT

INPUTT

CALCON
TSONIN

INDCOM
THETOM

Description and comments

Arc length along input blade section
or along hub-shroud percent-chord
lines in meridional plane, m

Arc length along vertical or horizon-
tal lines of alternate mesh (fig. 27)

tan Bbf
tan Bb

Tpt/ T
2yR/(y +1)

Input array of 6-coordinates, corre-
sponding to ZBL, RBL of points de-
scribing upper blade surface, rad

Input array of #-coordinates, corre-
sponding to ZBL, RBL of points de-
scribing lower blade surface, rad

Input array of 8-coordinates, corre-
sponding to ZBL, RBL of points de-
scribing mean blade surface, rad

6-coordinates of intersections of hor-
izontal mesh lines with blade lead-
ing edge, rad

8-coordinate of intersection of
streamline with blade leading edge,
rad

6-coordinates of intersections of
percent-chord lines with input blade
planes; later set to 6-coordinates
of alternate mesh (fig. 27), rad

6-coordinates of intersections of
percent-chord lines with input blade
planes, rad
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Variable name
THPCT2(NBLPC) -

" THSL

THSP1(MM)

THSP2 (MM)

THSTAK

THTEOM(MHTP1)
THTESL

TINP
TIP(NIN)
TIPT(MHTPI)
TIPT
TIPTEM
TITﬁElmb)
TLTAN1

TLTAN2
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COMMON

block

CALCON

INPUTT

INPUTT

Subroutine

THETOM

TSONIN

TSONIN/

TSONIN

TSONIN

TSONIN

LOSsSoOM

TVELCY
NEWRHO
OUTPUT

TSONIN

TSONIN

TSONIN

Description and comments

6-coordinates along percent-chord
lines of alternate mesh, rad

6-coordinate (relative to MERIDL
origin, not TSONIC origin) of mean
blade surface at points along meri-
dional streamlines, rad

Input for TSONIC (ref. 3), rad

Input for TSONIC (ref, 3), rad

6-coordinate of blade section in rela
tion to hub blade section, rad

6~coordinates of intersections of hor—
fzontal mesh lines with blade trail-
ing edge, rad

0-coordinate of intersection of meri-
dional streamline with blade trail-
ing edge, rad '

1
Ti’ K

Input Ti at points along the line from
hub to shroud on which upstream
flow conditions are given, K

T{ at points along vertical mesh
lines, K

Temporary T{

T{ along a streamline, K; input TIP

___for TSONIC (ref. 3)

Alphanumerical contents of input title
card

8-coordinate at upper blade surface
leading- edge tangency point, rad

6-coordinate at lower blade surface
leading-edge tangency point, rad



Varigble name
block

TMSL

TNBL(NPPP, NBLPL) INPUTT

TOLER

TOM(MM, MHTP1) CALCON
TOP

TPP(MHTP1)

TPP

TPPN
TPPST(NSL)

TPPTIP

TPST(NSL)
TST(NSL)

TTBL(NPPP,NBLPL) INPUTT

TTIP

TTPC(NPPC, NBLPC) INDCOM

COMMON

Subroutine

TSONIN

TIPF
RHOIPF
LAMDAF
RVTHTA

LOSSOM

NEWRHO
TVELCY
OUTPUT

OUTPUT
TVELCY
LINDV

TVELCY

OUTPUT

INIT

OUTPUT

OUTPUT

NEWRHO
BLDVEL
TVELCY

Description and comments

m-coordinates of tangency points on
both blade surfaces, m

Input array of blade normal thick-
nesses, corresponding to ZBL, RBL
coordinates, m

Tolerance for a point close to a spline
point

t~coordinates of orthogonal mesh, m
T', K
o

T" along a vertical mesh line, K

New T", K

T" along a station line, K
T"/T}

T' along a station line, K
T along a station line, K

Input array of blade tangential thick-
nesses, corresponding to ZBL, RBL
coordinates, rad

T/ T}

Tangential blade thicknesses at inter-
sections of percent-chord lines with
input blade planes; later set to tang-
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Variable name

TTPCT1(NBLPL)

TTPCT2(NBLPC)

TTTAN1

TTTAN2

TVERT(MHTPI)

TWLMR(MHTP1)

TWLMR

UBDEVMHTPI)

UBDEV

UBINC(MHTP1)

UBINC
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COMMON
block

Subroutine

THETOM

THETOM

TSONIN

TSONIN

NEWRHO
BLDVEL
OUTPUT
TVELCY

TVELCY

BLDVEL
LINDV

LINDV

INDEV

LINDV

INDEV

Description and comments

gential blade thicknesses on alter-
nate mesh (fig. 27), rad

Tangential blade thicknesses at inter~
sections of percent-chord lines with
input blade planes, rad

Tangential blade thicknesses along
percent~chord lines of alternate
mesh, rad

0-coordinate at upper blade surface
trailing-edge tangency point, rad

f-coordinate at lower blade surface
trailing-edge tangency point, rad

Temporary storage for values from
TOM array on a vertical mesh
line, m

2WA - (wr)z at points along vertical
mesh lines, m?/sec

2wA - (wr)z, mz/sec2

Deviation angle, neglecting blockage
correction, where horizontal or-
thogonal intersects blade,

(st - ;Bb)les deg

Deviation angle, neglecting blockage
correction, (B._ -~ B , deg
fs b)te

Incidence angle, neglecting blockage
correction, where horizontal or-
thogonal intersects blade,

(B - B ) ) deg
fs b le

Incidence angle, neglecting blockage
correction, (B..- B,) , deg
fs Bb le



Variable name

UILOM(MHTP1)

UNEW (MHTP1)

UNEW

UOLOM(MHETP1)

UOM(MM, MHTP1)

UTEM(MHTP1 or 20)

UVERT(MHTP1)

VELTEM

VELTOL

VST (NSL)
VTH(MM, MHTP1)

VTHIN (NIN)

VTHOUT (NOUT)

VTHST (NSL)

COMMON Subroutine
block
LAMDAF
TVELCY
SOR
RVTHTA
VARCOM
OUTPUT
NEWRHO
TSONIN
INPUTT
OUTPUT
VARCOM
INPUTT
INPUTT
oUTPUT

Description and comments

Stream-function values for spline fit
of stream function against radius

New estimate for u along a vertical
mesh line

New estimate for u at a mesh point

Stream-function values for spline fit
of stream function against radius

Stream function u at orthogonal mesh
points

Temporary storage for values from
UOM array on vertical mesh lines;
also stream function at 20 equally
spaced points from hub to shroud

Temporary storage for values from
UOM array along vertical mesh
lines

Input for TSONIC (ref. 3)

Input convergence tolerance on maxi-
mum velocity change in each outer
iteration, over all mesh points, for
reduced mass flow

V along a station line, m/sec
V, at orthogonal mesn points, m/sec

Input values of (Vo) at points along
i

line from hub to shroud on which
upstream flow conditions are given,

m/sec

Input values of (V at points along

P,
o)
line from hub to shroud on which
downstream flow conditions are

given, m/sec

v, dlong station line, m/sec

0



Variable name

W(MM, MHTP1)

WAS

WASS

WFS

WHIRL

WIHUB

WLSRF

WLSSL (MM, NSL)

WLSST(NSL)

WLSURF(MM, MHTP1)

WMAX

WMIN

WMSL (MM, NSL)

WMSON

WMST(NSL)

WMVERT(MHTP1)
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COMMON
block

VARCOM

SLCOM

VARCOM

SL.COM

Subroutine

TVELCY

TVELCY

LINDV

TVELCY

TVELCY

TVELCY

OoUTPUT

TVELCY

TVELCY

LINDV

OUTPUT

TVELCY

Description and comments

W at orthogonal mesh points, m/sec

First estimate of W.+1 at next mesh
point along vertical mesh line
(ea. (5)), Wy,q, m/sec

Second estimate of W, +1 at next
mesh point along vertical mesh

line (eq. (5)), WiY;, m/sec

Wfs at blade leading or trailing edge,
m/sec

A oor(rVy) , mz/sec
o

Estimate of W) . m/ sec
Wl’ m/ sec

Wl at points along streamlines where
they cross vertical mesh lines,
m/ sec

Wl at points along station lines where
they cross streamlines, m/sec

Wl on orthogonal mesh, m/sec

Maximum value of W at hub for
which a solution can be obtained for
a vertical mesh line, m/sec

Minimum value of W at hub for
which a solution can be obtained for
a vertical mesh line, m/sec

Wm at points where streamlines
cross vertical mesh lines, m/sec

Sonic value for W_, m/ sec

Wm at points where station lines

cross streamlines, m/sec

W_, along vertical mesh lines, m/sec



Variable name

WRFSEX(MHTP1)

WRSL(MM, NSL)

WRST (NSL)

WSL (MM, NSL)

WST(NSL)

WSUBM (MM, MHTP1)

WSUBR(MM, MHTP1)
WSUBS(MM, MHTP1)
WSUBT (MM, MHTP1)
WSUBZ (MM, MHTP1)

WTEMP

WTHMM, MHTP1)

WTHETA

WTHSL (MM, NSL)

WTHST (NSL)

WTSRF

WTSSL(MM, NSL)

WTSST(NSL)

COMMON
block

SLCOM

SLCOM

VARCOM

VARCOM

VARCOM

VARCOM

VARCOM

VARCOM

SLCOM

SLCOM

Subroutine

OUTPUT

OUTPUT

OUTPUT

NEWRHO

TVELCY
LINDV

OUTPUT

TVELCY

OuUTPUT

Description and comments

Wr extrapolated up to leading or
trailing edge of blade, m/sec

Wr at points where streamlines cross
vertical mesh lines, m/sec

W.. at points where station lines

cross streamlines, m/sec

W at points where streamlines cross
vertical mesh lines, m/sec

W at points where station lines cross
streamlines, m/sec

Wm at orthogonal mesh points,

m/sec
W.. at orthogonal mesh points, m/sec
W at orthogonal mesh points, m/ sec
Wt at orthogonal mesh points, m/sec

W, at orthogonal mesh points, m/sec

New calculated value of W at a mesh
point, m/sec

W, at orthogonal mesh points, m/sec

Wy, m/ sec

W6 at points where streamlines
cross vertical mesh lines, m/sec

Wg at points where station lines
cross streamlines, m/sec

Wi m/ sec

W, at points where streamlines

tr
cross vertical mesh lines, m/sec

Wtr at points where station lines
cross streamlines, m/sec
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Variable name

WTSURF (MM, MHTP1)
WTVERT(MHTP1)

WWCR(MM, MHTP1)

WWCRSL (MM, NSL)

WWCRST(NSL)

WZFSEX(MHTP1)

WZSL(MM, NSL)

WZST(NSL)

XIOM (MM, MHTP1)

XIOMT

XNEW

Z1(MM)

Z2.

ZBL(NPPP, NBLPL)

ZBLROT (NPPP,
NBLPL)

ZETOM(MM, MHTP1)
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COMMON Subroutine
block
VARCOM
TVELCY
VARCOM
SLCOM
OUTPUT
OouUTPUT
SL.COM
OUTPUT
VARCOM
NEWRHO
NEWRHO
MESHO
MESHO
INPUTT
ROTATN
VARCOM

Description and comments

W,.. on orthogonal mesh, m/ sec
W, along vertical mesh lines, m/ sec

W/Wcr at orthogonal mesh points

w/ W, at points where streamlines
cross vertical mesh lines

w/ W, at points where station lines
cross streamlines

WZ extrapolated up to leading or
trailing edge of blade, m/sec

WZ at points where streamlines
cross vertical mesh lines, m/sec

W, at points where station lines
cross streamlines, m/sec

t at orthogonal mesh points,
(eq. (A2)), I/m

New estimated value of ¢ at a mesh
point

Percentage of new calculated value of
XIOMT used in updating XIOM

z-coordinate of intersection of line
@, figure 9, with upper horizon-
tal mesh line, m

z-coordinate of intersection of line
@, figure 9, with upper horizon-
tal mesh line, m

Input array of z-coordinates of points
describing blade surface, m

Rotated ZBL array, m

¢ at orthogonal mesh points
(eq. (A3)), m/sec

1y



Variable name

ZETOMT

ZHIN

ZHOUT

ZHROT (NHUB)

ZHST(NOSTAT)

ZHUB(NHUB)

ZIR

ZLE(NBLPL)

ZLEH

ZLEOMMHTP1)

ZLEOMR(MHTP1)

ZLESL

ZLET

COMMON
block

INPUTT

INPUTT

ROTATN

INPUTT

INPUTT

CALCON

CALCON

ROTATN

Subroutine

NEWRHO

LOSSOM

- PRECAL

TSONIN

PRECAL

Description and comments

New estimated value of ¢ at a mesh
point

Input z-coordinate of intersection with
hub profile of line on which up-
stream flow conditions are given, m

Input z-coordinate of intersection
with hub profile of line on which
downstream flow conditions are
given, m

Rotated ZHUB array, m

Input 2z-coordinates of intersections
of hub- shroud output station lines
with hub profile, m

Input z-coordinates of points defining
hub or bottom boundary of flow
channel, m

Rotated z-coordinate of intersection
of upstream or downstream input
station line with horizontal mesh
line, m

z-coordinates of input blade section
points defining leading edge of
blade, m

z-coordinate of intersection of leading
edge of blade with hub profile, m

z~coordinates of intersections of hor-
izontal mesh lines with blade lead-
ing edge, m

Rotated ZLEOM array, m

z-coordinate of intersection of a
streamline with leading edge of
blade, m

z-coordinate of intersection of leading
edge of blade with shroud profile, m
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Variable name

ZLTAN
ZLTAN2

ZMRSP(MM)
ZMSFL

ZMSP1(MM)
ZMSP2 (MM)

ZNEW

ZNOR({2)

ZOM(MM, METP1)

ZOMBI

ZOMBO

ZOMIN

ZOMOUT

ZOMROT (MM,
MHTP1)

ZPC(NPPC,
NBLPC)
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COMMON
block

CALCON

INPUTT

INPUTT

INPUTT

INPUTT

ROTATN

INDCOM

Subroutine

TSONIN

TSONIN

TSONIN

TSONIN

TSONIN

TSONIN

NEWRHO

MESHO

Description and comments

m-coordinate at upper blade surface
leading-edge tangency point, m

m-coordinate at lower blade surface
leading-edge tangency point, m

Input for TSONIC (ref. 3), m

Input for TSONIC (ref. 3), kg/sec

Input for TSONIC (ref. 3), m

Input for TSONIC (ref. 3), m

Percentage of new calculated value of
ZETOMT used in updating ZETOM

Rotated z- coordinates of points on
straight line normal to previous
row, m

z-coordinates of orthogonal mesh, m

Input z-coordinate of intersection of
vertical mesh line with hub profile
where first change in mesh spacing

occurs (MBI), m

Input z-coordinate of intersection of
vertical mesh line with hub profile
where second change in mesh spac-
ing occurs (MBO), m

Input z-coordinate of intersection of
left boundary of orthogonal mesh
with hub profile, m

Input z~coordinate of intersection of
right boundary of orthogonal mesh
(MM) with hub profile, m

Rotated ZOM array, m

z-coordinates of intersections of
percent-chord lines with input blade

| H ‘Hhia



Variable name

ZPCT1(NBLPL)

ZPCT2(NBLPC)

ZRAD(NHUB,
MHTPI1)

ZSL (MM, NSL)

ZSLTEM(NSL)

ZSPL

ZST(NSL)

ZTE(NBLPL)

ZTEH

ZTEM(MHTP!,
NOSTAT, or 20)

ZTEOM(MHTP1)

ZTEOMR(MHTPI)

COMMON
block

SLCOM

CALCON

CALCON

ROTATN

Subroutine

THETOM

THETOM

MESHO

OUTPUT

ILETE

OUTPUT

PRECAL

OUTPUT

Description and comments

planes; later set to z-coordinates of
alternate mesh (fig. 27), m

z-coordinates of intersections of
percent-chord lines with input blade
planes, m

z-coordinates along percent-chord
lines of alternate mesh, m

z-coordinates of points along lines
from input points on hub profile to
shroud profile, m

z-coordinates of points where stream-
lines cross vertical mesh lines, m

Temporary storage for calculated
values to be put into ZSL array, m

z-coordinate on leading or trailing
edge of blade corresponding to a
streamline, m

z~coordinates of points where station
lines cross streamlines, m

z-coordinates of input blade-section
points defining trailing edge of
blade, m

z-coordinate of intersection of trail-
ing edge of blade with hub profile, m

Temporary storage for values from
Z0OM array on vertical mesh lines;
also temporary storage for values
from ZST array along station
lines, m

z-coordinates of intersections of hor-
izontal mesh lines with blade trail-
ing edge, m

Rotated ZTEOM array, m
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Variable name

ZTESL

ZTET

ZTIN

ZTIP(NTIP)

ZTOUT

ZTROT(NTIP)

ZTST(NOSTAT)

ZTTAN1

ZTTAN2
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COMMON Subroutine
block

TSONIN
PRECAL

INPUTT

INPUTT

INPUTT

ROTATN

INPUTT
TSONIN
TSONIN

Description and comments

z-coordinate of intersection of a
streamline with trailing edge of
blade, m

z-coordinate of intersection of trail-
ing edge of blade with shroud pro-
file, m

Input z-coordinate of intersection of
line on which upstream flow condi-
tions are given with shroud pro-
file, m

Input z-coordinates of points defining
shroud or top boundary of flow
channel, m

Input z-coordinate of intersection of
line on which downstream flow con-
ditions are given with shroud pro-
file, m

Rotated ZTIP array, m

Input z-coordinates of intersections of
hub-shroud output station lines with
shroud profile, m

m-coordinate at upper blade surface
trailing- edge tangency point, m

m-coordinate at lower blade surface
trailing-edge tangency point, m



PROGRAM LISTING

C

C--MERIDL PROGRAM -- UPDATED TO JULY 1, 1977
C--REPORTS -~ NASA TND~-843C AND TND-8431, 1977
C--PROGRAM AVAILABLE FROM COSMIC -- NUMBER LEW-12123

C--FOR INFORMATION CONTACT : DR. T. KATSANIS (MAIL STOP 77-2) OR

c--
Cc--
c--
C--
o
C

DN W) - = OO & Wi -

AU & W N =

1
2
3

1
2

1
2

1
2

DR. W, MCNALLY (MAIL STOP 5-9)
NASA LEWIS RESEARCH CENTER
CLEVELAND, OHIO 44125

PHONE (216) --U433-4000

COMMON NREAD,NWRIT,ITER,IEND,NWRT?T,NWRT2,NWRT3,NWRTU4,NWRT5,NHRTH
COMMON/INPUTT/GAM,AR,MSFL,OMEGA, REDFAC,VELTOL, FNEW, DNV W, MBI, MRO,

MM, MHT, NBL, NHUB,NTIP,NIN,NOUT,NBLPL,NPPP,NOSTAT, NSL,NLOSS,
LSPR,LTPL,LAMVT, LROT,LBLAD,LFTTAN, ANGROT, IMESH, ISLINE,

ISTATL, IPLOT, ISUPER, ITSON, IDERUG,ZOMIN,ZOMRBT, ZOMBO,ZOMOUT,
ROMIN,ROMBI,RCMBO,ROMOUT ,ZHIN,2TIN,ZHOUT,ZTOUT, RHIN,RTIN, RHOUT,
RTOUT,TITLEI(20),ZHUB(5%),RHUB{52),2TIP(5") ,RTIP(5%) ,SFIN(5"),
RADIN (50),TIP(5") ,PRIP(5C) ,LAMIN(50),VTHIN(50),SFOU™(5"),
RADOUT (50) , PROP (50), LOSOUT (57) ,LAMOUT (5C) , VTHOUT (57) ,

BETALE (50) , BETATE(50) ,ZHST(50) ,ZTST(50),RHST(5%) ,RTST(50),

FLPR (50) ,PERCRD (50) ,PERLOS (57) ,ZBL(50,50) ,RBL (50,5%),

THBL (50,50) ,TNBL(5",50) , TTRL(5",50) , TH1BL (5C,50) , TH2BL (50,53)

COMMON/CALCON/MMM1,MHTP1,CP,EXPON,TGROG, PITCH, RLFH,RLET,RTFEH,RTET,

ZLE(50) , RLE (5G), ZTE (50) , RTE(57) ,ZLEOM (10 1) ,RLEOM (101),
SLEOM(101) , THLEOM {101) ,ZTEOM (171) ,RTEOM (101) ,STEOM (101) ,
THTEOM (101) ,ILE(101) ,ITE (101) ,Z0M (100, 101) ,ROM(100,101),
SOM(100,121),TOM(137,101),BTH(197,121),DTHDS (101,101),
DTHDT (100,101) ,PLOSS (1¢7,1C1) ,CPHI(100,101),SPHI (100,101)

COMMON/VARCOM/A (4,100,121, 00K (102,101 ,K (100,101 ,RHO (100,12 1),

WSUBS (100, 101) ,¥SUBT (100,101} ,WSUBZ(1C0,101), WSTUBR (100, 101),
WSUBM (100, 101) ,WTH (100,1C1) , VTH(102,101) , W (100, 101),

ALPHA (100,101),BETA (107, 101) , WHCR (100, 1C1) ,CURV (101,17 1),
WLSURF (100,101) ,WTSURF (10" ,171) , CAMP (100,17 1) ,SANP (100, 101),
RHOAV (100,101) ,DELRHO (100, 121) ,FT (160, 1G1) ,DFDM (100, 101y,
XIOM (10C,101) ,ZETOM (100,101) ,DLDU (100, 101)

COMMON/SLCOM/TLS (50) ,ITS (50),2SL(109,50),RSL(10¢,50),MSL(10",50),

WZSL(100,50) ,WRSL (10C,50) , WMSL (190,50) , WTHSL(109,50),
ALPSL (100,5C) ,BETSL(100,5C),WSL(100,50), WWCRSL (100, 50),
CURVSL (100,50) ,WLSSL {190,50) , RTSSL (100, 50)

COMMON/ROTATN/ZHROT (53) , RHROT (52) ,ZTROT (50) ,RTROT (50) ,

ZLEOMR(1D1) ,RLECMR (101) ,2ZTEOMR(121) ,RTEOMR(12Y),
ZBLROT(52,50) ,RBLROT (59,50),20MROT(100,101) ,ROMROT (100, 101)

COMMON/INDCOM/NBLPC,NPPC,2PC(51,51) ,RPC(51,51),TTPC(51,51),

THPC (51, 51) , DTHDZ (51,51) ,DTHDR (51,51) ,BTHLE(101) ,BTHTE(101),
BTBFLE (101) ,BTBFTE(101)

COMMON/PLTCOM/ZLRNG, ZRRNG, RBRNG, RTRNG, ZHPLT (100) , RHPLT (109) ,

ZSPLT (100) ,RSPLT (100) ,ZLPLT(100) ,RLPLT(100) ,ZTPLT(100),
RTPLT (190)

10 IEND = -1
ITER = 0
C
C--READ AND PLOT INPUT DATA
CALL INPUT
CALL INPLOT
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C--GENERATE ORTHOGONAL MZSH
CALL MESHO
c
C-~CALCULATE ALL PRELIMINARY FIXED CONSTANTS
CALL PRECAL
c
C--PLOT ORTHOGONAL MESH
CALL MEPLOT
c
C--CALCULATE COEFFICIENTS, SOLVE DIFFERENTIAL EQUATIONS FOR STREAM
C--FUNCTION, AND COMPUTE NEW VELOCITIES AND DENSITIES
CALL INIT
20 ITER = ITER#1
CALL COEF
CALL SOR
CALL LOSSOM
CALL NEWRHO
c
C--CALCULATE AND PRINT MAJOR OUTPUT DATA
CALL OUTPUT
IF (MBI.NE.C) CALL INDEV
IF (MBT.NE.O) CALL TSONIN
C
C--PLOT STREAMLINES AND PLOT VELOCITIES
CALL SLPLOT
CALL SVPLOT
IF (IEND.LT.J) GO TO 20
IF (REDFAC.EQ.1.0) GO TO 10
c
C~-OBTAIN TRANSONIC SOLUTION WITH FULL MASS FLOW
30 CALL TVELCY
REDFAC = 1.0
CALL TOUTPT
IF (MBI.NE.0) CALL PINDV
IF (MBI.NE,0) CALL TSONIN
CALL SLPLOT
CALL SVPLOT
IF (ISUPER.EQ.0.OR.ISUPER.EQ.2) GO TO 10
ISUPER = 2
GO TO 30
END

SUBROUTINE INPUT

c

C--INPUT READS AND PRINTS ALL INPUT DATA CARDS

o

COMMON NREAD, NWRIT,ITER, IEND,NWRT1,NWRT2,NWRT3, NWRTY4, NWRTS,NWRT6

COMMON/INPUTT /GAN, AR ,MSFL,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, MRO,
MM, MHT, NBL, NHUB,NTIP,NIN, NOUT,NBLPL, NPPP,NOSTAT, NSL, NLOSS,
LSFR,LTPL, LAMVT,LROT,LBLAD,LETEAN,ANGROT, INESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON, IDEBUG,ZOMIN,ZOMBI,ZOMBO,ZOMOUT,
ROMIN, ROMBI, ROMBO, ROMOUT, ZHIN,ZTIN,ZHOUT, ZTOUT, RHIN,RTIN, RHOUT,
RTOUT,TITLEI (20) ,ZHUB (50) ,RAUB(50) ,ZTIP(50),RTIP (50),SFPIN(50),
RADIN (50),TIP (50) ,PRIP(50),LAMIN (50),VTHIN (50) ,SPOUT (50),

AN E W -
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RADOUT (50) , PROP (57) ,LOSOUT (50) , LAMOUT (50) , VTHOUT (57) ,
BETALE (50) ,BETATE (50) ,ZHST (57) , 2TST (57) , RHST (57) ,RTST(57) ,
FLFR(50) ,PERCRD(59) ,PERLOS (53} ,2ZBL(59,50),RBL (57,50},
THBL (50,5%) , TNBL(5C,50) ,TTBL(50,50) ,TH1BL (50,57) ,TH2BL (57,57)
COMMON/CALCON/MMM1,MHTP1,CP,RXPON, TGROG, PITCH,RLEH, RLET, RTEH, RTEY,
ZLE(50) ,RLE (50) ,ZTE(50) ,RTE(53) ,ZLEOM (101) ,RLEOM (17 1),
SLEOM (101) , THLEOM (1" 1) ,ZTEOM(101) ,RTEOM (17 1) ,STROM (101) ,
THTEOM (101) ,ILE(101) , ITE(161) ,Z0M (100,101),R0M (100,101,
SOM(10n0,101),TOM(120,151),BTH (122,121),DTHNS (1CN, 171},
DTHDT (10C, 101) ,PLOSS (100, 151) ,CPHT (107,11 1), SPHT (171,17 1)
DIMENSION DIST{50),DTDS (57) ,ANG (50)
REAL MSFL,LAMIN,LAMOUT,LOSOUT

—a O @]

(O LIS R UVEY G e}

o
C--READ AND PRINT INPUT DATA
o
NREAD
NWRIT
NWRT1
NWRT2
NWRT3
NWRTY
NWRTS
NWRT6
1C READ (NREAD,1050) (TITLEI(I),I=1,29)
WRITE (NWRIT, 1000)
WRITE (NWRIT,1069) (TITLEI(I},I=1,2")
READ (NREAD,1033) GAM,AR,MSFL,OMEGA,REDFAC,VELTOL,FNEW,DNEW
IF (GAM.NE.O.) WRITE (NWRIT,11(N)
IF (GAM.EQ.0.) WRITE(NWRIT,1172)
IF (REDFAC.LE.0.) REDFAC=1.0
IF (VELTOL.LE.0.) VELTOL=.N1
IF (FNEW.LE.D.) FNEW=(.5
IF (DNEW.LE.C.) DNEW=N,5
WRITE (NWRIT,1047) GAM,AR,MSFL,OMEGA,RZDFAC, VELTOL, FNEW, DNFW
VELTOL = VELTOL*AMIN1T(FNEW,DNEW)
IF (FNEW.LT.1.0.OR.DNEW.LT.1.0) WRITE(NWRIT,1105) VELTOL
WRITE (NWRIT,1110)
READ (NREAD,1010) MBI, MBO, MM,MHT,NBL,NHUB,NTIP,NIN,NOUT,NBLPL,
1NPPP,NOSTAT,NSL,NLOSS
IF (MBI.EQ.0) NBL=1 ‘
WRITE (NWRIT,1620) MBI,MBO,MM,MHT,NBL,NHOUR,NTIP,NIN,NOUT,NBLPL,
1NPPP, NOSTAT,NSL,NLOSS
WRITE (NWRIT,1120)
READ (NREAD,1010) LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN
WRITE (NWRIT,1020) LSPR,LTPL,LAMVT,LROT,LBLAD,LETEAN
ANGROT = 0.
IP (LROT.EQ.0) GO TO 15
WRITE (NWRIT,1125)
READ (NREAD,1030) ANGROT
WRITE (NWRIT,1040) ANGROT
ANGROT = ANGROT/57.295780
15 WRITE (NWRIT,1130)
READ (NREAD,1030) ZOMIN,ZOMBI,ZOMBO,Z0MQUT,ROMIN,ROMBI,FOMBO,
1ROMOUT
WRITE (NWRIT,1040) ZOMIN,20MBI,ZOMRO,ZOMOUT,ROMIN,ROMBI,ROMBO,
1ROMOUT
WRITE (NWRIT,1140)
READ (NREAD,1030) (ZHUB(I),I=1,NHUB)
WRITE(NWRIT,1040) (ZHUB(I),I=1,NHUB)

L O LS T O 1 B
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5¢C

60

¢

9cC
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WRITE (NWRIT,1150)
PEAD (NREAD,1730)
WRITE (NWRIT,1040)
WRITE (NWPIT,1160)
READ (NREAD,1030)
WRITE (NWRIT,104%)
WRITE (NWRIT,1170)
READ (NREAD,1030)
WRITE (NWRIT,1040)
WRITE (NWRIT,1180)
READ (NREAD,1039)
WRITE (NWRIT, 104C)
IF (LSFR.EQ.1) GO
WRITE (NWPIT,1190)
READ (NREAD,1039)
WRITE (NWRIT,1740)
GO TO 30

WRITE (NWRIT,1200)
READ (NRFAD,1030)
WRITE (NWRIT,1040)
WRITE (NWKIT,1210)
READ (NREAD,1030)
WRITE (NWRIT,1049)
WRITE (NWRIT,1220)
READ (NREAD,1030)
WRITE (NWEIT,1040)

(RHUB (I) , I=1, NHUB)
(RHUB (I) ,TI=1, NHUB)

(ZTIP(I) ,I=1,NTIP)
(ZTIP(I),I=1,NTIP)

(RTIP(I),I=1,NTIP)
(RTIP(I) ,I=1,NTIP)

ZHIN,ZTIN,RHIN,RTIN
ZHIN,ZTIN,RHIN,RTIN
TO 20

(SFIN(I) ,I=1,NIN)
(SFIN(T),I=1,NIN)
(RADIN({I),I=1,NTN)
(RADIN(I),I=1,NIN)

(TIP(I),I=1,NIN)
(TIP(T),I=1,NIN)

(PRIP(I),I=1,NIN)
(PRIP(I),I=1,NIN)

IF (LAMVT.EQ.1) GO TO 49

WRITE (NWRIT,1230)
READ (NREAD,1030)
WRITE (NWRIT, 1040)
GO TO 50

WRITE (NWRIT,1240)
READ (NREAD,1030)
WRITE (NWRIT,1040)
WRITE (NWRIT,1250)
READ (NREAD,1030)
WRTTE (NWRIT,1049)
IF (LSFR.EQ.1) GO
WRITE (N¥RTIT,1260)
READ (NREAD,1C30)
WRITE (NWRIT,1040)
G0 TO 70

WRITE (NWRIT,1270)
READ (NREAD,1030)
WRTTE (NWRIT,1049)
IF (LTPL.EQ.1) GO
WRITE (NWRIT,1280)
READ (NREAD,1030)
WRITE (NWRIT,1040)
GO TO 90

WRITE (NWRIT,1290)
READ (NREAD,1030)
WRITE (NWRIT,1040)

(LAMIN(I) ,I=1, NIN)
(LAMIN(I),I=1,NIN)

(VTHIN(I) ,I=1, NIN)
(VTHIN(I) ,I=1,NIN)

ZHOUT,Z2TCUT,RHOUT ,RTOUT
ZHOUT, ZTOUT ,RHOUT , RTOUT
TO 60

(SFOUT(I) ,I=1, NOUT)
(SFOUT (I) ,I=1, NOUT)

(RADOUT(I) ,I=1,NON0T)
(RADOUT(I),I=1,NOUT)
TO 89

(PROP (I) ,I=1, NOUT)
(PROP(T) ,I=1,NOUT)

(LOSOUT(I) ,I=1,NOOT)
(LOSOUT(I),I=1,NOUT)

IF(MBI.EQ.0) GO TO 157
IF (LAMVT.EQ.1) GO TO 1G0

WRITE (NWRIT,1300)
READ (NREAD,1030)
WRITE (NWRIT,1040)
GO TO 110

{LAMOUT(T),I=1,NODT)
(LAMOUT(I),I=1,NOUT)



100

11¢

120

13¢C

1490

145

146

148

150

152

154
156

WRITE (NWRIT,1310)
READ (NREAD,1030)
WRITE (NWKIT,1040)
WRITE (NWRIT, 1320)
DO 120 JN=1,NBLPL
READ (NREAD,1230)
WRITE (NWRIT,1040)
WRITE (NWRIT,1330)
DO 130 JN=1,NBLPL
READ (NREAD, 1030)
WRITE (NWRIT,1040)

{VTHOUT(I),I=1,N0UT)
{VTHoUT (1) ,I=1,NOUT)

(ZBL(IN,JN) ,IN=1,NPPP)
(ZBL(IN,JN)},IN=1,NPPP)

{(RBL (IN,J¥),IN=1,NPPP)
(RBL (IN,JN) ,IN=1, NPPP)

IF (LBLAD.EQ.2) GO TO 150

WRITE (NWRIT,1340)
DO 140 JN=1,NBLPL
READ (NREAD,1030)
WRITE(¥WRIT, 1049)

{THBL (IN,JN),IN=1,NPPP)
{THBL {IN,JN) ,IN=1,NPPP)

IF (LBLAD.EQ.1) GO TO 146

WRITE (NWRIT,1350)
DO 145 JN=1,NBLPL
READ (NREAD,1030)
WRITE (NWRIT,1040)
GO TO 156

WRITE (NWRIT,1352)
DO 148 JN=1,NBLPL
READ (NREAD,1030)
WRITE (NWRIT,1040)
GO TO 156

WRITE (NWRIT,1354)
DO 152 JN=1,NBLPL
READ (NREAD,1030)
WRITE (NWRIT,1040)
WRITE (NWRIT,1356)
DO 154 JN=1,NBLPL
READ (NREAD,1730)
WRITE {NWRIT,1040)

(TNBL (IN,JN),IN=1,NPPP)
(TNBL (IN,JN),IN=1,NPPP)

{TTBL (IN,JN),IN=1,NPPP)
{TTBL {IN,JN),IN=1,NPPP)

(THIBL (IN,JN) ,IN=1,NPPP)
(TH1BL(IN,JN) ,IN=1,NPPP)

(TH2BL (IN,JN) ,IN=1,NPPP)
{(TH2BL (IN,JN) ,IN=1,NPPP)

IF (LETEAN.EQ.0) GO TO 157

WRITE (NWRIT,1358)
READ (NREAD,1030)
WRITE (NWRIT,1040)

WRITE (NWRIT,1359)

157

158

160

READ (NREAD,1030)
WRITE (NWRIT,1040)
IF (NOSTAT.EQ.O0)

WRITE (NWRIT,1360)
READ (NREAD,1030)
WRITE (NWRIT,1040)
IF (LROT.EQ.0) GO
WRITE (NWRIT,1365)
READ (NREAD,1030)
WRITE (NWRIT,1040)
HRITE(NWRIT,1370)
READ (NREAD,1030)
WRITE (NWRIT,1040)
IF (LROT.EQ.0) GO
WRITE(NWRIT,1375)
READ (NREAD,1030)
WRITE (NWRIT,1040)

(BETALE(JN) ,IJN=1, NBLPL)
(BETALE(JN) ,JN=1, NBLPL)

(BETATE(JN) ,JN=1,NBLPL)
(BETATE (JN) ,JN=1, NBLPL)

GO TO 160

(ZHST(I) ,I=1,NOSTAT)
(ZHST(I) ,I=1,NOSTAT)
TO 158

(RHST(I) ,I=1,NOSTAT)
(RHST (I) ,T=1, NOSTAT)

{(ZTST (I) ,I=1,NOSTAT)
(ZTST (1) ,I=1,NOSTAT)
TO 160

(RTST (I) ,I=1,NOSTAT)
(RTST(I),I=1,NOSTAT)

IF (NSL.EQ.0} GO TO 165

WRITE (NWRIT,1380)
READ (NREAD,1030)

(FLFR(I) ,I=1,NSL)



165

170

C
C--CA
C

18C
C
C--Ca
C-~IF
c
C
C-~CA
C-=-ST
C

20¢C

210

220
C
C--CA
C-~RA
C

23¢
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WRITE (NWRIT,1040) (FLFR(I),T=1,NSL)

IF (NLOSS.EQ.0) GO To 170

WRITE (NWRIT,1385)

READ (NREAD,1030) (PERCRD(I),I=1,NLOSS)

WRITE(NWRIT,1040) (PERCRD(I),I=1,NLOSS)

WRITE (NWRIT,1386)

READ (NREAD,1C30) (PERLOS(I),T=1,NLOSS)

WRITE (NWRIT,1040) (PERLOS(I),I=1,NLOSS)

WRITE (NWRIT,1390)

READ (NREAD,1010) IMESH,ISLINE,ISTATL,IPLOT,ISOPER,ITSON,IDEBUG

WRITE (NWRIT,1020) IMESH,ISLINE,ISTATL,IPLOT,ISUPER,ITSON,IDEBUG

WRITE (NWRIT,1070)

IF (MM.LE.100.AND.MHT.LE.10C.AND.NHUB.LE.50.AND.NTIP.LE.50.AND,
1NIN.LE.50.AND.NOUT.LE.50.AND, NBLPL, LE.50.AND.NPPP,LE. 50.AND,
2NOSTAT.LE.50,AND.NSL.LE,50,AND, NLOSS.LE.50,AND.LSFR.GE,O.AND.
3LSPR.LE.1.,AND.LTPL.GE.O.AND,LTPL.LE.1.AND.LAMVT,GE. ", AND.
4LAMVT.LE.1.AND.LROT,.GE.O.AND.LROT.LE.1,AND.LBLAD.GE.D,AND.
5LBLAD.LE.2.AND.LETEAN.GE.0.AND.LETEAN.LE.1) GO TO 180

WRITE (NWRIT,1400)

STOP

LCULATE MISCELLANEOUS CONSTANTS

MMMT = MM-1

MHTP1= MHT+1

EXPON= 1,/ (GAM-1.)

CP = AR*GAM*EXPON

TGROG= 2.*GAM*AR/ (GAM+1.)
PITCH= 2,%3,1415927/FLOAT(NEL)
MSFL = MSFL/FLOAT (NBL)

LCULATE VALUES FOR RHIN,RTIN,RHOUT, AND RTOUT
ROTATION IS NOT OUSED

IP (LROT.NE.O) GO TO 200

CALL SPLINT(ZHUB,RHUB,NHUB,ZHIN,1,RHIN,DYDX,D2YDX2)
CALL SPLENT (ZHOUT,1,RHOUT,DYDX,D2YDX2)

CALL SPLINT(ZTIP,RTIP,NTIP,ZTIN,1,RTIN,DYDX,D2YDX2)
CALL SPLENT (2TOUT,1,RTOUT,DYDX,D2YDX2)

LCULATE ESTIMATED UPSTREAM AND DOWNSTREAM VALUES OF
REAM FUNCTION, IF RADIUS WAS GIVEN AS INPUT

IP (LSFR.EQ.0.AND.LAMVT.EQ.0) GO TO 320
RINSQ = RTIN**2-RHIN**2

ROUTSQ = RTOUT**2-RHQUT**2

IF (LSFR.EQ.0) GO TO 230
IP{RINSQ*ROUTSQ.EQ.0.) WRITE(NWRIT,1410)
IF (RINSQ*ROUTSQ.EQ.0.) STOP

po 210 J=1,NIN

SFIN(J) = (RADIN(J)**2-RHIN**2) /RINSQ
po 220 J=1,N0UT

SFOUT (J) = (RADOUT(J)**2-RHOUT*%2) /ROUTSQ
GO TO 260

LCULATE ESTIMATED UPSTREAM AND DOWNSTREAM VALUES OF
DIOS, IF STREAM FUNCTION WAS GIVEN AS INPUT

Do 240 J=1,NIN



240 RADIN(J) = SQRT (RHIN#%*2+SFIN (J) *RINSQ)
DO 250 J=1,NOUT
250 RADOUT (J) = SQRT (RHOUT**2+SFOUT (J) *ROUTSQ)
c
C--CALCULATE ESTIMATED UPSTREAM AND DOWNSTREAM TANGENTIAL VELOCTTIES,
C--IF WHIRL WAS GIVEN AS INPUT
o
260 IP (LAMVT.EQ.1) GO TO 299
DO 27C J=1,NIN
270 VTHIN(J) = LAMIN(J)/RADIN(J)
IF (LSPR.EQ.1) LAMVT=1
IF (MBI.EQ.0) RETURN
DO 280 J=1,NOUT
280 VTHOUT(J) = LAMOUT(J)/RADOUT (J)
GO TO 320
c
C--CALCULATE ESTIMATED UPSTREAM AND DOWNSTREAM WHIRL,
C--IF TANGENTIAL VELOCITY WAS GIVEN AS INPOUT
c
290 DO 3C0 J=1,NIN
300 LAMIN(J) = RADIN (J)*VTHIN(J)
IF (MBI.EQ.0) RETURN
DO 310 J=1,NOUT
310 LAMOUT(J) = RADOUT (J)*VTHOUT (J)
c
C--CALCULATE TANGENTIAL THTCKNESS, IF NORMAL THICKNESS GIVEN AS INPUT
c
32C IF (MBI.EQ.0) RETURN
IF (LBLAD.EQ.7) GO TO 370
IF (LBLAD.EQ.2) GO TO 390
RIST (1) = 0.
DO 360 JN=1,NBLPL
DO 33C IN=2,NPPP
330 DIST(IN) = DIST(IN-1) +SQRT((ZBL(IN,JN)-ZBL(IN-1,JN))**2+
1 (RBL(IN,JN) -RBL (IN-1,JN))**2)
IF (LETEAN.EQ.1) GO TO 340
CALL SPLINE(DIST,THBL(1,JN),NPPP,DTDS,ANG)
GO TO 350
340 DTHDSL = TAN(BETALE(JN)/57.295780) /RBL(1,JN)
DTHDST = TAN(BETATE(JN)/57.295780) /RBL (NPPP,JN)
CALL SPLISL (DIST,THBL (1,JN),NPPP,DTHDSL,DTHDST,DTDS,ANG)
350 DO 360 IN=1,NPPP
ANG(IN) = ATAN(RBL(IN,JN)*DTDS (IN))
360 TTBL(IN,JN) = TNBL(IN,JN)/COS(ANG(IN))/RBL(IN,JIN)
C - -
C--CALCULATE BLADE SURFACE THETA COORDINATES, IF THEY ARE NOT
C--GIVEN AS INPUT
c
370 DO 380 JN=1,NBLPL
DO 380 IN=1,NPPP
TH1BL (IN,JN) = THBL(IN,JN)+TTBL(IN,JN)/2.
380 TH2BL (IN,JN) = THBL(IN,JN)-TTBL(IN,JN) /2.
RETURN
c
C--CALCULATE MEAN CAMBER LINE THETA COORDINATES AND TANGENTIAL THICKNESS
C--IF SURPACE THETA COORDINATES GIVEN AS INPUT ,
c
390 DO 400 JN=1,NBLPL
DO 400 IN=1,NPPP
THBL (IN,JN) = (TH1BL(IN,JN)+TH2BL (IN,JN}) /2,

109



45¢C TTBL(IN,JdN)

THI1BL (IN,JN) -TH2BL(IN,JN)

RETURN
C

C--FORMAT STATEMENTS

o

1900 FORMAT (1H1//5CX,21(1H*) /50X, 1H*,7X,6HMERIDL,6X, 1A*/50X,21H*  PRO
1GRAM INPUT  */50X,21(1H*)///)

1010 FORMAT (1615)

1020 FORMAT (2X,16(2X,I5))

1030 FORMAT (8F10.5)

1740 FORMAT (1X,8G16.7)

105C FORMAT (20AU4)

106G FORMAT (1X,20A4)

1070 FORMAT (1H1)

1100 FORMAT (///4X,20HGENERAL TINPUT DATA/7X,3HGAM,14X,2HAR,13X,

1 UHMSFL,11X,5HOMEGA, 11X, 6HREDFAC, 17X, 6HVELTOL, 10X, UHFNEW, 11X,
24HDNEW)

1102 FORMAT (///4X,20HGENERAL INPUT DATA/7X,3HGAM, 13X, 3HRHO, 13X,
14HMSFL,11X,5HOMEGA, 11X, 6HREDFAC, 14X, 6HVELTOL, 10X ,4HFNEW, 11X,
2LHDNEW)

1105 FORMAT (7X,71HVELTOL HAS BEEN REDUCED BY THE MINIMOM OF FN
1EW OR DNEW TO =,8%,6HVELTOL/B1X,G16.7T)

1110 FORMAT (103H MBI MBO MM MHT NBL  NHUB  NTIP
1 NIN NOUT NBLPL NPPP NOSTAT NSL  NLOSS)

112C FORMAT (47H LSFR  LTPL LAMYT LROT LBLAD LETEAN)

1125 FORMAT (6X,6HANGROT)

113C FORMAT (///4X,29HHUB AND SHROUD INPUT DATA/7X,SHZOMIN,11X,

1 5HZOMBI,11X,5HZOMBO,10X,6HZ0MOUT,11X,5HRO
2 S5HROMBO, 10X, 6HRCMOUT)

MIN,?11X,5HROMBI, 11X,

1140
1150
11690
117¢
118¢

1199
12C0
121¢
1220
1230
1240
1250

1260
1270
1280
129¢C
1300
1310
132¢

1

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

FOEKMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

1 DATA/7X,10HZBL

(7%, 11HZHUB
(7X, 1THRHUB
(7X,11HZTIP
(7X, 11HRTIP
(///4X,21HUP

{(7X,11HSFIN
(7X, 12HRADIN
(7X,10HTIP
(7X, 11HPRIP
(7X,12HLAMIN
(7X, 12HVTHIN
{///4%X,23HDO

(7X,12HSFO0T

(7X, 13HRADOUT

{(7X,11HPROP

(7X, 13HLOS0UT
(7X,13HLAMOUT
(7X, 13HVTHOUT

(///74X,54HBL

ARRAY)
ARRAY)
ARRAY)
ARRAY)
STREAM

INPUT DATA/7X,UHZHIN,11X,4HZTIN,

11X, UHRHIN, 11X, 4HRTIN)

ARRAY)
ARRAY)
ARRAY)
ARRAY)
ARRAY)
ARRAY)
WNSTREAM

INPUT DATA/7X,5HZHOUT,10X,5HZTOUT,

1 1C¢X,5HRHOUT, 10X ,5HRTOUT)

ARRAY)
ARRAY)

ARRAY)

ARRAY)

ARRAY)

ARRAY)
MEAN CAMBER

AND THICRNESS INPOT

ADE LINE

ARRAY)

133C FORMAT (7X,10HRBL ARRAY)
1340 FORMAT (7X,11HTHBL ARRAY)
1350 FORMAT (7X,11HTNBL ARRAY)
1352 PORMAT (7X,11HTTBL ARRAY)
1354 FORMAT (7X,12HTH1BL ARRAY)
1356 FORMAT (7X,12HTH2BL ARRAY)
1358 FORMAT (7X,13HBETALE ARRAY)
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1359 PORMAT (7X,13HBETATE ARPAY)

136C FORMAT (///4X,3VHOUTPUT STATION LOCATION DATA/7X,11HZHST ARRAY
1)

1365 FORMAT (7X,11HRHST ARRAY)

1370 FORMAT (7X,11HZTST ARRAY)

1375 FORMAT (7X,11HRTST ARRAY)

1380 FORMAT (///4X,4CHOUTPNT STREAMLINE PLOW FRACTION DATA/7X,11HFL
1FR ARRAY)

1385 PORMAT (///4X,28HDISTRIBUTION OF LOSS DATA/7X,13HPERCRD ARRAY)

1386 FORMAT (7X,13HPERLQOS AFRRAY)

1390 FORMAT (///4X,28HOUTPUT PRINT CONTROL DATA/6X,UBHIMESH TISLINE
1ISTATL IPLOT TISUPER ITSON TDEBUG)

1400 FORMAT (71H1,10X,90HMM,MHT, NHUB,NTIP,NIN, NOUT, NBLPL, NPPP,NOSTAT, NSL
1,NLOSS,LSFR,LTPL,LAMVT,LROT,LBLAD,OR LETEAN/13X,25HIS TOO LARGE OR
2 TOO SMALL) . ’ '

141C FORMAT (1H1,10X,74HWHEN UPSTREAM AND DOWNSTREAM INPUT DATA ARE GIV
1N AS A FUNCTION OF RADTUS,/11X,86HTHERE MUST BE A CHANGE IN VALUE
2 BETWEEN RHIN AND RTIN AND ALSO BETWEEN RHOUT AND RTOUT/11X,57HAND
3 A CORRESPONDING CHANGE IN THE RADIN AND RADOUT ARRAYS)

END

SUBROUTINE INPLOT
C
C--INPLOT PLOTS THE UPSTREAM AND DOWNSTREAM INPUT FLOW VARIABLES
C--AS WELL AS THE INPUT BLADF SECTIONS FROM HUB TO SHROUD
c
COMMON/INPUTT/GAM,AR,MSFL,OMEGA, REDTAC, VELTOL, FNEW, DNEW,MBT, RO,
M, MHT, NBL,NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN, ANGROT, TMESH, ISLINE,
ISTATL, IPLOT,ISUPER,ITSON, IDEBUG,ZOMIN,ZOMBI,ZOMBO,ZONOUT,
ROMIN,ROMBI,RCMBO,ROMOUT ,ZHIN, 2T IN, ZHOUT,2TOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLEI (27) , ZHUB (50) , RHUB.2) ,ZTIP (5%) ,RTIP (57) ,SFIN(50),
RADIN (50),TIP(57) ,PRIP(50),LANIN(5") ,VIHIN(5D),SFOUT(5"),
RADOUT (50) , PROP (50) , LOSOUT (5) ,LAMOUT (50) ,VTHOUT (59) ,
BETALF (5C) , BETATE(50) ,ZHST(50) ,ZTST(50) ,RHST (50) ,RTST(57),
PLER (50) ,PERCRD (50) , PERLOS (50) ,Z3L{50,50) ,RBL(53,59) ,
THBL (50, 50) , TNBL(50,5%) , TTBL (50,50) , TH1BL (50,50) ,TH2BL{50,50)
COMMON/CALCCN/MMM1,MHTP1,CP,EXPON,TGROG, PITCH, RLEH, RLET,RTEH,RTET,
ZLE(50) , RLE{(50),ZTE(50) ,RTE(50), ZLEOM (10 1) ,RLEON (10 1),
SLEOM (10 1) , THLEOM (101) ,ZTEOM (101), RTEOM(101) ,STEOM (101) ,
THTEOM (101) ,ILE (101) ,ITE (1G1) ,Z20M (100,10 1) ,ROM (100,107),
SO0M{10C,101),TOM (170,101) ,BTH(16",101) ,DTHDS (100,101),
DTHDT (10C,101) ,PLOSS (100,101) ,CPHI(103,101),SPHI(100,191)
DIMENSION MBL (51,597),RTHBL (50,5C),RTH1BL (50,59),RTH2BL (50, 50),
RRTHBL (5C, 50) ,RTHIBL (50, 50) , RTH4BL(50,50),
PLTX (1C1),PLTY (101) ,DYDX (101) ,D2YDX2(101),
TITLA(9) ,TITL2(8),TITL3(5) ,TITL4 (9),TITL5(8),TITL6 (9),TITLT(6),
TITL8(9) ,TITL1? (13) ,TITL11(6) ,TITL12(6),TITLI3(4),
TITL14 (2),TITL15(5),TITL16 (5),TITL17 (5),TITL18(5),TITL19(5),
TITL2C (5),TITL21(5),TITL22(5) ,TTTL24(1C) , TITL25(9) ,TITL26(7),
TITL27(2),TITL28 (2)
REAL MBL,LAMIN,LAMOUT,LOSOUT,LRNG
DATA TITL1/' INL','ET A','BSOL','OTE ',VTOTA','L TE', "MPER','ATUR'
1,'E '/
DATA TITL2/'INLE','T AB','SOLU','TE T','OTAL',' PRE',"SSUR','E '

U & W= - O WU E W=

N AU W -
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1/
DATA TITL3/'INLE®','T AB','SOLU','TE W','HIRL'/
DATA TITL4/'INLE®','T AB','SOLD','TE T', "ANGE',"NTIA','L VE','LOCT'

1,'TY vy

DATA TITLS/'OUTL','ET A','BSOL','UTE '+'TOTA','L PR','ESSU','RE ¥
1/

DATA TITL6/'OUTL','ET A','BSOL','UTE ',"TOTA','L PR','ESSNU','RE L'
1,'055 vy

DATA TITL7/'OUTL','ET A',*BSOL','UTE ', 'WHIR', 'L 1/
DATA TITL8/'OUTL','ET A','BSOL',"UTE ', 'TANG','ENTI', AL V', 'ELOCH
1,'I7Y vy

DATA TITL10/*INPU','T BL','ADE ','SECT','IONS','$C1§', L2FR",
T'OM Z','BL, ','RBL,",' THB','L, T', 'NBL '/

DATA TITL11/'  B','LADE',' SEC','TION',' NO,', 'XXXX'/

DATA TITL12/'COMB','INED',' BLA','DE S','ECTI', 'ONS '/

DATA TITL13/YSTRE','AM F', *ONCT','ION '/

DATA TITL14/' RA','DIUS'/

DATA TITL15/'INPU','T AR','RAY Y,1- TIt,p '/
DATA TITL16/'INPU','T AR','RAY 'y'- PRY,'IP v/
DATA TITL17/°INPU','T AR','RAY 1,'- LAY, "MIN v/
DATA TITL18/'INPU','T AR','RAY Yy'- VT, YHIN v/
DATA TITL19/'INPU','T AR','RAY ty'- PR','0P v/
DATA TITL20/'INPOU','T AR','RAY f,'- LO','SQoUTt/
DATA TITL21/'INPU','T AR','RAY 'y'- LA','MOUT'/
DATA TITL22/'INPU','T AR','RAY 'y'~ VT',YHOUT'/
DATA TITL24/'BLAD?,*E S','ECTI','ON '."MERI', 'DION', "AL v,

1'COOR','DINA','TE Y/
DATA TITL25/'TANG',*ENTI',*AL C','OORD','INAT','E - ', TRADI",
1'0S*T','HETA"/ '

DATA TITL26/'PRES','SURE',' LOS','S DI','STRI','BUTI','ON 1t/
DATA TITL27/YPERC','RD '/

DATA TITL28/'PERL','0S '/

DATA BLNK/*' ty

DATA SYM/'Xt/

IF (IPLOT.LE.O0) RETURN

C
C--PLOT TITLE ON MICROFILHM
C
CALL LRSIZE(0.0,20,0,0.0,10.0)
CALL LRCHSZ (4)
CALL LRLEGN(TITLEI,80,0,1.C0,5.0,1.0)
CALL LRCHSZ (2)
CALL LRSIZE(0.0,10.0,0.0,10.0)
CALL LRMON
CALL LRXLEG(BLNK, 1)
CALL LRMOFF
C
C--PREPARE FOR PLOTTING OF INLET CONDITIONS
C

IF (LSFR.EQ.1) GO TO 20
PLTY (1) = SFIN(1)
PLTY (101) = SPIN(NIN)
DEL = (SFIN(NIN)-SPIN(1))/100.
DO 10 J=2,100
10 PLTY(J) = PLTY(J-1) +DEL
BRNG = AMIN1(SFIN(1),SFOUT (1))
TRNG = ANAX1(SPIN(NIN),SFOUT(NOUT))
GO TO 40
20 PLTY (1) = RADIN(1)

112



c

39

40

PLTY (1G1) = RADIN(NIN)

DEL = (RADIN(NIN)-RADIN(1))/100.

DO 30 J=2,100

PLTY (J) = PLTY(J-1)+DEL

BRNG = AMIN1(RADIN(1),RADOUT (1))

TRNG = AMAX1(RADIN (NIN),RADOUT(NOUT))
CALL LRANGE(0.,0.,BRNG,TRNG)

C--PLOT INLET ABSCOLUTE TOTAL TEMPERATURE

C

o

IF (LSFR.EQ.0) CALL SPLINT (SFIN,TIP,NIN,PLTY,101,PLTX,DYDX,
1D2YDX2)

IF (LSFR.EQ.1) CALL SPLINT (RADIN,TIP,NIN,PLTY,101,PLTX, DYDY,
1D2YDX2)

CALL LRMRGN({1.0,1.0,2.0,1.0)

CALL LRGRID(1,1,11.0,11.0)

CALL LRCHSZ (4)

CALL LRLEGN(TITL1,36,(,1.0,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN(TITL15,20,0,4.C,1.3,9.0)

IF (LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0.2,4.2,0.0)

IF (LSFR.EQ.1) CALL LRLEGN (TITL14,8,1,0.2,4.7,0.0)

CALL LRCHSZ (4)

CALL LRCURV (PLTX,PLTY,101,2,SYM,0.0)

IF (LSFR.EQ.0) CALL LRCURV{TIP,SFIN,NIN,4,SYM,1.0)

IF (LSFR.EQ.1) CALL LRCURV(TIP,RADIN,NIN,4,SYM,1.0)

C--PLOT INLET ABSOLUTE TOTAL PRESSURE

C

C

IF (LSFR.EQ.0) CALL SPLINT (SFIN,PRIP,NIN,PLTY,101%,PLTX,DYDX,
1D2YDX2)

IF (LSFR.EQ.1) CALL SPLINT (RADIN,PRIP,NIN,PLTY,101,PLTX,DYDX,
1D2YDX2)

CALL LRLEGN(TITL2,32,7,1.6,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN(TITL16,20,2,4,.C,1.3,0.0)

IF (LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0.2,4.2,0.0)

IF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1%,0.2,4.7,0.0)

CALL LRCHSZ (4)

CALL LRCURV(PLTX,PLTY,101,2,5Y4,92.0)

IF (LSFR.EQ.0) CALL LRCURV(PRIP,SFIN,NIN,4,SYM,1.7)

IF (LSFR.EQ.1) CALL LRCURV(PRIP,RADIN,NIN,4,S5YM,1.0)

C--PLOT INLET ABSOLUTE WHIRL

C

IF (LAMVT.EQ.1) GO TO 80

IF (LSPR.EQ.0) CALL SPLINT (SFIN,LAMIN,NIN,PLTY,101,PLTX,DYDX,
1D2YDX2)

IF (LSFR.EQ.1) CALL SPLINT (RADIN,LAMIN,NIN,PLTY,?07,PLTX,DYDX,
1D2YDX2)

CALL LRLEGN (TITL3,20,0,2.5,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN(TITL17,20,0,4.0,1.3,0.0)

IF {LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0.2,4.2,0.0)

IF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1,0.2,4.7,0.0)

CALL LRCHSZ (4)

CALL LRCURV(PLTX,PLTY,101,2,5Y4,0.0)

IP (LSPR.EQ.0) CALL LRCURV(LAMIN,SFIN,NIN,4,SYM,1.D)

IP (LSFR.EQ.1) CALL LRCURV(LAMIN,RADIN,NIN,4,5YM,1.0)

113



GO TO 11¢C

C
C--PLOT INLET ABSOLUTE TANGFENTIAL VELOCITY

c
8C IF (LSFR.EQ.C) CALL SPLINT(SFIN,LAMIN,NIN,PLTY,1C1,PLTX,DYDX,
1D2YDX2)
IF (LSFR.EQ.1) CALL SPLINT (RADIN,LAMIN,NIN,PLTY,101,PLTX,DYDX,
1D2YDX2)
CALL LRLEGN(TITL4,36,0,1.1,0.5,0.,0)
CALL LRCHSZ (2)
CALL LRLEGN(TITL18,20,0,4.0,1.3,C.7)
IF (LSFR.EQ.C) CALL LRLEGN(TTTL13,16,1,0.2,4.2,0.0)
TF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1,0.2,4.7,0.0)
CALL LRCHSZ (4) _
RINSQ = RTIN**2-RHIN¥*2
DO 1C0 J=1,101
IF (LSFR.EQ.C) PLTX(J)=PLTX (J)/SQRT (RHIN**2+PLTY (J) *RINSQ)
1¢0 IF (LSFR.EQ.1) PLTX (J)=PLTX (J) /PLTY (J)
CALL LRCORV(PLTX,PLTY,101,2,SYM,0.0)
IF (LSFR.EQ.0) CALL LRCURV(VTHIN,SFIN,NIN,4,SYM,1.9)
IF (LSFR.EQ.1) CALL LRCURV(VTHIN,RADIN,NIN,4,SYM,1.0)
o
C--PREPARE FCR PLOTTING OF OUTLET CONDITIONS
C -
11C IF (LSFR.EQ.1) GO TO 13¢
PLTY (1) = SFOUT (1)
PLTY (101) = SFOUT(NOUT) ,
DEL = (SFOUT(NOUT)~-SFOUT(1))/107.
DO 120 J=2,100
120 PLTY(J) = PLTY(J-1)+DEL
GO TO 150
139 PLTY (1) = RADOUT (1)
PLTY (101) = RADOUT (NOUT)
DEL = (RADOUT (NOUT) -RADOUT (1)) /100.
DO 140 J=2,100
14C PLTY(J) = PLTY (J-1)+DEL
o
C--PLOT OUTLET ABSOLUTE TOTAL FRESSURE
c
150 IP (LTPL.EQ.1) GO TO 170
IF (LSFR.EQ.0) CALL SPLINT(SFOUT,PROP,NOUT,PLTY,101,PLTX,DYDX,
1D2YDX2)
IF (LSFR.EQ.1) CALL SPLINT(RADOUT,PROP,NOUT,PLTY,101,PLTX,DYDX,
1D2YDX2)
CALL LRLEGN(TITL5,32,0,1.5,0.5,0.0)
CALL LRCHSZ (2)
CALL LRLEGN(TITL19,20,0,4.0,1.3,C.0)
IF (LSFR.EQ.(0) CALL LRLEGN(TITL13,16,1,0.2,4.2,0,0)
IF (LSFR.EQ.1) CALL LRLEGN (TITL14,8,1,0.2,4.7,0.0)
CALL LRCHSZ (4)
CALL LRCURV(PLTX,PLTY,101,2,5Y,0.0)
IF (LSFR.EQ.0) CALL LRCORY{PROP,SFOUT,NOUT,4,SYN,1.C)
IF (LSFR.EQ.1) CALL LRCURV(PROP,RADOUT, NOUT,4,SYM,1.0)
GO TO 190
o
C--PLOT OUTLET ABSOLUTE TOTAL PRESSURE LOSS
o
17¢ IF (LSFR.EQ.?) CALL SPLINT({SFOUT,LOSOUT,NOUT,PLTY,1C1,PLTX,DYDX,
1D2YDX2)
IF (LSFR.EQ.1) CALL SPLINT(RADOUT,LOSOUT,NOUT,PLTY,101,PLTX,DYDX,
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C

19¢C

1D2YDX2)

CALL LRLEGN(TITL6,36,C,1.0,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN(TITL20,20,0,4.0,1.3,3.0)

IF (LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0.2,4.2,0,0)

IF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1,0.,2,4.7,0.0)

CALL LRCHSZ (4)

CALL LRCURV(PLTX,PLTY,101,2,S5YM,0.0)

IF (LSFR.EQ.0) CALL LRCURV(LOSOUT,SPOUT,NOUT,4,SYM,1,7)
IF (LSFR.EQ.1) CALL LRCURV(LOSOUT,RADOUT,NOUT,4,SYM,1.0)
CALL LRCHSZ (0)

IF (MBT.EQ.0) GO TO 249

C--PLOT OUTLET ABSOLUTE WHIRL

C

C

IF (LAMVT.EQ.1) GO TO 21¢ :

IF (LSFR.EQ.D) CALL SPLINT(SrFOUT,LAMOUT,NOUT,PLTY,101,PLTX,DYDX,
1D2YDX2)

IF (LSFR.EQ.1) CALL SPLINT(RADOUT,LAMOUT,NOUT,PLTY,1G1,PLTX,DYDX,
1D2YDX2)

CALL LRCHSZ (4)

CALL LRLEGN(TITL7,24,0,2.0,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN({(TITL21,20,0,4.0,1.3,0.0)

IF (LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0,2,4,2,0.0)

IF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1,0,2,4.7,0.0)

CALL LRCHSZ (4)

CALL LRCURV(PLTX,PLTY,1061,2,5Y4,0.M)

IF (LSFR.EQ.D) CALL LRCURV{(LAMOUT,SFOUT,NOUT,4,S5Y4,1.7)

IF (LSFR.EQ.1) CALL LRCURV{LAMOUT,RADOUT,NOUT,4,SYM,1.0)

GO TO 240

C--PLOT OUTLET ABSOLUTE TANGENTIAL VELOCITY

C

C

210

230

IF (LSFR.EQ.D) CALL SPLINT (SFOUT,LAMOUT,NOUT,PLTY,101,PLTX,DYDX,
1D2YDX2)

IP (LSFR.EQ.1) CALL SPLINT (RADOUT,LAMOUT,NOUT,PLTY,101,PLTX,DYDX,
1D2YDX2)

CALL LRCHSZ (4)

CALL LRLEGN(TITLS,36,(,1.0,0.5,0.0)

CALL LRCHSZ (2)

CALL LRLEGN(TITL22,20,0,4.0,1.3,0.0)

IF (LSFR.EQ.0) CALL LRLEGN(TITL13,16,1,0.2,4,2,0.0)

IF (LSFR.EQ.1) CALL LRLEGN(TITL14,8,1,0.2,4,7,0.0)

CALL LRCHSZ (4)

ROUTSQ = RTOUT**2-RHOUT*%2

DO 230 J=1,101

IP (LSPR.EQ.0) PLTX(J)=PLTX (J)/SQRT (RHOUT**2+PLTY (J) *ROUTSQ)

IF (LSFR.EQ.1) PLTX (J)=PLTX (J)/PLTY (J)

CALL LRCURV(PLTX,PLTY,101,2,SYM,0.0)

IF (LSFR.EQ.0) CALL LRCURV{VTHOUT,SFOUOT,NOUT,4,SYM,1.0)
IP (LSFR.EQ.1) CALL LRCURV (VTHOUT,RADOUT,NOUT,4,S5YM,1.0)

C--PLOT PERCRD AND PERLOS

Cc

24t IP (NLOSS.BQ.0) GO TO 2u8

LRNG = PERCRD (1)
RRNG = PERCRD (NLOSS)
BRNG = PERLOS (1)
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TRNG = PERLOS (NLOSS)
DO 242 I=1,NLOSS

LBRNG = AMIN1(LRNG,PERCRD(I))
RRNG = AMAX1(RRNG,PERCRD (I))
BRNG = AMIN1(BRNG,PERLOS (I))
242 TRNG = AMAX1(TRNG,PERLOS (I))

PLTX (1) = PERCRD (1)
PLTX (101) = PERCRD (NLOSS)
DEL = (PERCRD(NLOSS)-PERCRD (1)) /1C0,
DO 244 I=2,100
244 PLTX(I) = PLTX(I-1)+DEL
CALL SPLINT (PERCRD,PERLOS,NLOSS,PLTX,101,PLTY,DYDX, D2YDX2)
CALL LRANGE(LRNG,RRNG,BRNG, TRNG)
CALL LRCHSZ (4)
CALL LRLEGN (TITL26,28,9,1.7,0.5,0.0)
CALL' LRCHSZ (2)
CALL LRLEGN (TITL27,8,0,4.7,
CALL LRLEGN(TITL28,8,1,0.2,
CALL LRCHSZ (4)
CALL LRCURV(PLTX,PLTY,101,2,5Y%,C.0)
CALL LRCURV (PERCRD,PERLOS,NLOSS,U,SYN,1.0)
CALL LRCHSZ (0)

1.3,0
4.7,0

c
C--PLOT INPUT BLADE SECTIONS
c
248 IF (MBI.EQ.0) RETURN
C--CALCULATE BLADE SECTION PLOT COORDINATES ALONG MERIDTONAL PLANE
DO 250 JN=1,NBLPL
MBL (1,JN) = ZBL (1,JN)
DO 250 IN=2,NPPP
250 MBL(IN,JN) = MBL (IN-1,JN)+SQRT( (ZBL(IN,JN) -ZBL (IN-1,JN))*%2+
1 (RBL (IN,JN) =RBL (IN-1,JN) )*%2)
C--CALCULATE TANGENTIAL PLOT COORDINATES
DO 260 JN=1,NBLPL
DO 260 IN=1,NPPP
DELRTH = RBL(IN,JN)*PITCH
RTHBL (IN,JN) = RBL(IN,JN)*THBL (TN, JN)

RTE1BL(IN,JN) = RBL(IN,JN)*TH1BL(IN,JN)
RTH2BL (IN,JN) = RBL(IN,JN)*TH2BL(IN,JN)
RRTHBL(IN,JN) = RTHBL(IN,JN) +DELRTH
RTH3IBL{(IN,JN) = RTH1BL(IN,JN)+DELRTH

260 RTHUBL (IN,JN) RTH2BL (IN,JN) +DELRTH
C--CALCULATE RANGE OF PLOTS, AND SET UP FOR PLOTTING INDIVIDUAL
C~-BLADE SECTIONS

LRNG = NBL(1,1)

RRNG = MBL (NPPP,1)

BRNG = RTH2BL (1, 1)

TRNG = RTH3BL (NPPP,NBLPL)

DO 270 JN=1,NBLPL

LRNG = AMIN1(LRNG,MBL (1,JN))

RRNG = AMAX1(RRNG,MBL (NPPP,JN))

DO 270 IN=1,NPPP

BRNG = AMIN1(BRNG,RTH2BL (IN,JN))
270 TRNG = AMAX1(TRNG,RTH3BL(IN,JN))

RRTEN = RRNG
DELLR = RERNG-LRNG
DELBT = TRNG-BRNG

DELRNG = AMAX1(DELLR,DELBT)
RRNG = LENG+DELRNG
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TRNG = BRNG+DEIRNG
CALL LRANGE (LRNG,RRNG, BRNG, TRNG)
C--PLOT BLADE SECTIONS AND SHOW SOLIDITY
CALL LRCHSZ (4)
CALL LRLEGN (TITL1C,52,0,2.7,C.7,0.0)
DO 280 JN=1,NBLPL
CALL LRCHSZ (3)
CALL LRCNVT(JN,1,TITL11(6),1,4,0
CALL LRLEGN(TITL11,24,0,3, ’
CALL LRCHSZ(2)
CALL LRLEGN (TITL24,40,0,2.8,1.3,
CALL LRLEGN(TITL25,36,1,0.2,3.3,
CALL LRCHSZ (4)
CALL LRCURV (MBL(1,JN),RTHBL (1,JN) ,NPPP,2,5YM,0.0)
CALL LRCURV(MBL (1,JN) ,RTH1BL(1,JN),NPPP,2,5YM,0.0)
CALL LRCURV (MBL (1,JN),RTH2BL (1,JN),NPPP,2,5YN,0.0)
CALL LRCURV (MBL(1,JN),RRTHBL(1,JN),NPPP,2,SYM,0.0)
CALL LRCURYV (MBL(1,JN) ,RTH3BL(1,JN),NPPP,2,SYM,0.0)
CALL LRCURV(MBL(1,JN) ,RTH4UBL(1,JN),NPPP,2,SYN,0.0N)
IF (LBLAD.EQ.2) GO TO 275
CALL LRCURV(MBL(1,JN),RTHBL(1,JN) ,NPPP,4,SYM,0.0)
CALL LRCURV(MBL(1,JN),RRTHBL(1,JN),NPPP,4,SYM,1.0)
GO TO 280
275 CALL LRCURV(MBL(1,JN),RTH1BL(1,JN),NPPP,4,SYM,0.0)
CALL LRCURV(MBL(1,JN),RTH2BL(1,JN),NPPP,4,5YM,0.0)
CALL LRCURV(MBL(1,JN),RTH3BL(1,JN),NPPP,4,5Y8,0.0)
CALL LRCURV(MBL(1,JN),RTH4BL(1,JN), NPPP,4,SYH,1.0)
280 CONTINUE
C--CALCULATE RANGE OF PLOT, AND SET UP FOR PLOT OF MULTIPLE
C-=-BLADE SECTIONS
RRNG = RRTENM
TRNG = RTH1BL (NPPP,NBLPL)
DO 290 JN=1,NBLPL
DO 290 IN=1,NPPP )
290 TRNG = AMAX1(TRNG,RTH1BL (IN,JN))
DELBT = TRNG-BRNG
DELRNG = AMAX1 (DELLR,DELBT)
RRNG = LRNG+DELRNG
TRNG = BRNG+DELRNG
CALL LRANGE (LRNG,RRNG,BRNG, TRNG)
C--PLOT MULTIPLE BLADE SECTIONS
CALL LRGRID(3,3,11.0,11.0)
CALL LRCHSZ (3)
CALL LRLEGN (TITL12,24,0,3.4,9.5,0.0)
CALL LRCHSZ (2)
CALL LRLEGN (TITL24,40,0,2.8,1.3,
CALL LRLEGN(TITL25,36,1,0.2,3.3,
CALL LRCHSZ (4)
EOP = 0.0
DO 300 JN=1,NBLPL
IF (JN.EQ.NBLPL) EOP=1.0
CALL LRCURV(MBL (1,JN),RTHBL (1,JN),NPPP,2,5YM,0.0)
CALL LRCURV (MBL (1,JN),RTH1BL(1,JN),NPPP,2,SYN,0.0)
30C CALL LRCUORV(MBL(1,JN),RTH2BL(1,JN),NPPP,2,5YM,EOP)
CALL LRCORV(2BL,RBL,C,1,5YM,1.0)
CALL LRCHSZ (0)
RETUORN
END
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C

SUBROUTINE MESHO

C--MESHO CALCULATES COORDINATES OF AN ORTHOGONAL MESH
C-~-COVERING THE SOLUTION REGION

C

C

COMMON/INPUTT/GAM, AR, MSFL,OMFGA, REDFAC, VELTOL,FNEW,DNEW, MBI, HBO,
MM, MHT,NBL,NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT,NSL, NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, TMESH, ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZOMIN,ZONBI,ZOMBO, ZONOUT,
ROMIN, ROMBI,ROMBO, ROMOUT, ZHIN, ZTIN,ZHOUT, ZTOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLEI (20) ,ZHUB {57} , RHUB (50) ,2TIP(50) ,RTIP (50) ,SFIN (50),
RADIN(50),TIP(5C),PRIP(50),LAMIN (50),VTHIN(50) ,SFOUT(57),
RADOUT (50) , PROP (50) , LOSOUT (57} , LAMOUT (5C) , VTHOUT (50) ,

BETALE (50) ,BETATE (50) ,ZHST (50) , ZTST (50) , RHST (50) ,RTST (50) ,
FLFR(50) ,PERCRD(50) , PERLOS (57) , ZBL (50,50) ,RBL (50,50) ,
THBL (50,50) , TNBL(50,5€) ,TTBL (5C,50), TH1BL (50,57) ,TH2BL (50,50)

COMMON/CALCON/MMM1,MHTP1,CP,EXPON, TGROG,PITCH,RLEH, RLET,RTEH, RTET,
ZLE (50) ,RLE (50) , ZTE (50) ,RTE(5") , ZLFOM (1C 1) ,RLEOM (10 1),

SLEOM (101) , THLEOM (101) ,ZTEOM (101) , RTEOM (101) ,STEOM (101) ,
THTEOM (101) , ILE(101) ,ITE(101),20M(100,101),ROM(1GC,107),
so#(100,101),TOM (100,101) ,BTH (100, 101),DTHDS (100,101},

DTHDT (100, 101) ,PLOSS (100,101) ,CPHI (100,10 1) ,SPHI (100,101)

COMMON/ROTATN/ZHROT (50) , RHROT (50) , ZTROT (50) , RTROT (50) ,

1 ZLEOMR(101) ,RLEONR (101) ,ZTEOMR(101),RTEONR (101),

2  ZBLROT(5(C,50) ,RBLROT(50,50),Z0MROT(100,101) ,ROMROT (100, 101)

DIMENSION ZRAD(50,101),RRAD(50,101),21(100),R1(100),

1 7ZNOR{2) ,RNOR(2),SLOM (100),AAA{102),BBB (1C0)

= O IV E W -

N E W -

C--ROTATE HUB AND TIP COORDINATES

C

CALL ROTATE (ANGROT,Z2HUB,RHUB,NHUB,1,5C,1,ZHROT, RHROT)
CALL ROTATE (ANGROT,2TIP,RTIP,NTIP,1,5%,1,2TROT,RTROT)

C--DIVIDE HUB AND TIP CONTOURS

C

10
15

NMAX = MAXO (NHUB,NTIP)
IF (NHUB.EQ.NTIP) G0 TO 8

IF (NHUB.EQ.NMAX) GO TO 4

DELH = (ZHROT (NHUB) ~ZHROT(1))/FLOAT (NMAX-1)

DO 2 I=1,NMAX

ZRAD (I, NHTP1) ZTROT (I)

RRAD (I, MHTP1) RTROT (1)

ZRAD(T,1) = ZHROT(1) +FLOAT (I-1) *DELH

CALL SPLINT (ZHROT, RHROT, NHUB, ZRAD (1, 1) ,NMAX,RRAD (1, 1) ,ARA, BBR)
GO TO 15

DELT = (ZTROT(NTIP)-ZTROT(1))/PLOAT (NMAX-1)

DO 6 I=1,NMAX

ZRAD(I,1) = ZHROT(I)

RRAD (I, 1) = RHROT(I)

ZRAD (I, MHTP1) = ZTROT(1) 4FLOAT(I-1) *DELT

CALL SPLINT (2TROT,RTROT,NTIP,ZRAD(1,MHTP1), NMAX, RRAD(1,MHTP1),ARA,
1BBB)

GO TO 15

DO 10 I=1,NMAX

ZRAD(I,1) = ZHROT(I)

RRAD(I,1) = RHROT(I)

ZRAD (I, MHTP1) = ZTROT(I)

RRAD (I,MHTP1) = RTROT (I)

CONTINUE

o C--FILL ZRAD AND RRAD ARRAYS FROMN HUB TO TIP
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DO 20 I=1,NMAX
DELZ = (ZRAD(I,MHTP1)~ZRAD(I, 1)) /FLOAT(MHT)
DELR = (RRAD(I,MHTP1)-RRAD(I,1))/FLOAT (MHT)
DO 20 J=2,MHT
ZRAD (I,J) = ZRAD(I,J-1)+DELZ
20 RRAD{I,J) = RRAD(I,J-1) +DELR

C

C--ROTATE INPUT MESH BOUNDARIES
CAN = COS(ANGROT)
SAN = SIN(ANGROT)

ZOMINR = ZOMIN*CAN+ROMIN*SAN
ZOMBIR = ZOMBI*CAN+ROMBI*SAN
ZOMBOR = ZOMBOX*CAN+ROMBOX*SAN
ZOMOUR = ZOMOUT*CAN+ROMOUT*SAN

o
C--COMPUTE ZOMROT ON HUB
ZOMROT (1,1) = ZOMINR
IF (MBI.EQ.0) GO TO 57
MBIM1 = MBI-1
DELZ= (ZOMBIR-ZOMINR)/FLCAT (MBIM1)
DO 30 I=2,MBI
30 ZOMROT(I,1)= ZOMROT (I-1,1) +DELZ
DELZ = (ZCMBOR-ZOMBIF)/FLOAT (MBO-MBT)
MBIP1 = MBI+1
DO 40 I=MBIP1,MBC
40 ZOMROT(I,1)= ZOMROT (I-1,1) +DELZ
DELZ= (ZOMOUR-ZOMBOR) /FLCAT (MM-4BO)
MBOP1 = MBO+1
S0 IF (MBI.FEQ.C) DELZ = (ZOMOUR-ZOMINR)/FLOAT(MMM1)
IF (MBI.EQ.0) MBOP1=2
DO 60 I=MBOP1,MH
60 ZOMROT(I,1)= ZOMROT (I-1,1)+DELZ
c
C--COMPUTE ROMROT AND SLOPE ON HUB
CALL SPLINT(ZRAD(1,1),RRAD(1,1),NMAX,ZOMROT (1,7),MM,ROMROT (1,1},
1SLOM,BBB)
DO 70 I=1,MNM
PHI = ATAN(SLOM(I)) ¢+ANGROT

SPHI(I,1) = SIN(PHI)
7¢ CPHI(I,1) = COS(PHI)
C
C--COMPUTE ZOMROT AND ROMROT ROW BY ROW FROM HUB TO TIP
C
DO 100 J=2,MHTP1
c

C-~-MOVE ALONG PRESENT ROW, ONE POINT AT A TTME, LOCATING

C--COORDINATES OF INTERSECTIONS OF LINSS5 NORMAL TO PREVIOUS ROW
DO 80 I=1,MN

o

C--CALCULATE POINTS ON STRATGHT LINE NORMAL TO PREVIOUS ROW

RNOR (2) = ROMROT (I,J-1)
ZNOR (2) = ZOMROT (I,J-1)
RNOR (1) = RNOR(2)-DELR
ZNOR(1) = ZNOR(2) +SLOM(I)*DELR

C

C--LOCATE INTERSECTION OF LINE NORMAL TO PREVIOUS ROW WITH PRESENT ROW
80 CALL INRSCT(ZRAD(1,J) ,RRAD(?,J),NMAX,ZNOR,RNOR,2,271(I),R1(I))

C

C--CALCULATE SLOPES OF PRESENT ROW AT INTERSECTION POINTS
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CALL SPLINT(ZRAD(1,J),RRAD(1,J),NMAX,Z1,M4M,2AA,SLOM,BBB)
c
C--CALCULATE INTERSECTIONS OF LINE NORMAL TO PRESENT ROW WITH
C--PRESENT ROW

DO 9C I=1,MM

22 = (ZOMROT(I,J-1)+ (ROMROT (I,J-1)-R1(I))*SLOM(I)+2Z1(I)*SLOM(T)**2

1) /(1. +SLOM (I) **2)

90 ZOMROT(I,J) = (Z1(I)+22)/2.

C
C--CALCULATE ROMROT ANLC SLCPES AND ANGLES ON PRESENT ROW

CALL SPLENT (ZOMROT (1,J), MM, ROMROT (1,J),SLOM, BRB)

pO 100 I=1,MM

PHI = ATAN(SLOM(I))+ANGROT

SPHI(I,J) = SIN(PHI)
130 CPHI (I,J) = COS(PHI)

o

C~-UNROTATE ZOMROT AND ROMROT TO GET ZOM AND ROM

C
CALL ROTATE({-ANGROT, ZOMROT,ROMROT,M¥, MHTP1,1C0,101,Z20M, RON)
RETURN
END
SUBROUTINE MEPLOT

C

B C--MEPLOT PLOTS THE BLADE GEOMETRY AND THE GENERATED ORTHOGONAL MESH
C

COMMON/INPUTT/GAM,AR,MSFL, OMEGA, REDFAC, VELTOL, FNEW,DNEW, MBI, ¥BO,
MM,MHT,NBL, NHUB,NTIP,NIN, NOUT, NBLPL, NPPP, NOSTAT, NSL, NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZCHMIN,ZOMBI,Z0MBO,Z0MOUT,
ROMIN, ROMBI,ROMBO, ROMOUT, ZHIN,ZTIN,ZHOUT, ZTOUT,RHIN,RTIN, RHOUT,
RTOUT,TITLEI (20) ,ZHUB (50) , RHUB (57) ,2TIP(5C),RTIP (59),SFIN(57),
RADIN (50),TIP (50),PRIP(5C),LAMIN (50),VIHIN(50),SFOUT(57),
RADOUT (50) ,PROP (50) ,LOSOUT{50) , LAMOUT (50) , VTHOUT (50) ,

BETALE (50) ,BETATE (50) ,ZHST (53) ,ZTST (50), PHST (57) ,RTST(59) ,
FLFR (50) ,PERCRD (50) ,PFRLOS (50) ,ZBL (50,5C) ,RBL (57,57),
THBL (50,50) , TNBL (50,590) ,TTBL (50, 50) ,TH1BL (50,50) ,TH2RBL (50,57)

COMMON/CALCON/MMN1,MHTP1,CP,EXPON, TGROG,PITCH,RLEH, RLET,RTEH,RTET,
ZLE (50) ,RLE (50) ,Z2TE (50) ,RTE(50) ,ZLEOM (10 1) ,RLEOM (17 1),

SLEOM (101) , THLEOM (101) ,2ZTEOM (101) ,RTEOK (101) ,STEOM (101) ,
THTEOM (101) ,ILE(101) ,ITE(1C1),Z0M(100,101) ,ROM(100,1C 1),
SOM (100,101}, TOM (129,101) ,BTH (100,101) ,DTHDS (1C0,101),

DTHDT (100, 101) ,PLOSS (100,101) ,CPHI(100,1C1),SPHI (100,101)

COMMON/PLTCOM/ZLRNG, ZRRNG, RBRNG, RTRNG,ZHPLT (100) , RHPLT (100),

1 ZSPLT(100) ,RSPLT (160) ,ZLPLT (100) ,RLPLT (100) ,ZTPLT(100),

2 RTPLT(100)

DIMENSION TITL1(15),TITL2(10),TITLY (3),TITLY (3),ZTEN(10T),

1RTEX (101)

DATA TITL1/'HUB,',' SHR','0UD,',' AND',' BLA','DE B','OUND','ARIE'
1,'S$C1Y, Y$RBI','N ME','RIDI','ONAL',' PLA','NE '/

DATA TITL2/'ORTH','OGON','AL M','ESHS$','C1$L",*2IN ', 'MERI','DION'
1,'AL P',"LANE'/

DATA TITL3/'Z D','IREC','TION'/

DATA TITL4/'R D','IREC','TION'/

DATA SYM/'X'/

SOOI E W -
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DATA SYN/'0'/
IF (IPLOT.LE.0) RETURN
o
C--OBTAIN PLOT BOUNDARIES, AND SCALE THE PLOT
CALL PTBDRY
c
C--PLOT BLADE GEOMETRY AND PLCT ORTHOGONAL MESH
CALL LRMRGN(1.0,1,0,2.1,1,0)
CALL LRANGE (ZLRNG,ZRRNG,RBRNG,RTRNG)
IPLT= 1
10 EOP = 0.
IF (IPLT.EQ.1.0R.IPLT.EQ.3) CALL LRGRID (=1,-1,1.0
IF (IPLT.EQ.2.0R.IPLT.EQ.4) CALL LRGRID(3,3,11.0,
CALL LRCHSZ (4) ,
IF (IPLT.EQ.1.0R.IPLT.EQ.2) CALL LRLEGN (TITL1,6C,0,
IF (IPLT.EQ.3.0R.IPLT.EQ.4) CALL LRLEGN (TITL2,40,0,
CALL LRCHSZ (2)
CALL LRLEGN(TITL3,12,%,4.5,1.5,0.0)
CALL LRLEGN (TITL4,12,1,0.4,4.5,0,0)
CALL LRCHSZ (4)
CALL LRCURV (ZHPLT,RHPLT,100,2,5Y¥,0.0)
CALL LRCURYV(ZSPLT,RSPLT, 109,2,5YM,0.0)
IF(MBI.EQ.0) GO TO 12
CALL LRCURV(ZLPLT,RLPLT, 109,2,5YH,0.0)
CALL LRCURV(ZTPLT,RTPLT,100,2,5YN,N.0)
12 IF (IPLT.GT.2) GO TO 29
IF(MBI.EQ.0) EOP = 1,
CALL LRCURV(ZHUB,RHUB,NHUB,4,SYM,0, 1)
CALL LRCURV(ZTIP,RTIP,NTIP,4,SYN,EOP)
IF(MBI.EQ.0) GO TO 18
DO 15 JN=1,NBLPL
15 CALL LRCURV(ZBL(1,JN),RBL(1,JN),NPPP,2,SYM,C.O)
CALL ROTATE(-ANGROT,ZLE,RLE,NBLPL,1,50,1,ZTEH,RTEH)
CALL LRCURV (2TEM,RTEM, NBLPL, 3,5YN, ). 0)
CALL ROTATE(-ANGROT,ZTE,RTE,NBLPL,1,50,1,ZTEH,RTEH)
CALL LRCURV (2TEM,RTEM, NBLPL,2,5YN, 1. 0)
18 IPLT = IPLT+1
GO TO 10
C--PLOT VERTICAL MESH LINES
2C DO 40 TI=1,MM
DO 30 J=1,MHTP1
ZTEM (J) = Z0M(I,J)
3C RTEM(J)= ROM(I,J)
40 CALL LRCURV (2TEM,RTEM, MHTP1,2,5YN,0.0)
C--PLOT HORIZONTAL MESH LINES ,
EOP= 0,0
DO 50 J=2,MHT
IF (J.EQ.MHT) EOP=1,0
50 CALL LRCURV(ZOH(1,J),ROH(1,J),HH,2,SYM,EOP)
IPLT = IPLT+1
IF (IPLT.LE.4) GO TO 10
CALL LRCURV(ZTEM,RTEM,0,1,5YM,1.0)
CALL LRCHSZ (0)
RETURN
END

o
9

;
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C

SUBROUTINE PTBDRY

C--PTBDRY OBTAINS THE HUB AND SHROUD AND BLADE LEADING AND TRAILING EDGE
C--BOUNDARIES FOR PLOTTING, AND SCALES THE PLOT

C

= C @SN E N -

COMMON/INPUTT/GAH,AF,HSFL,OHEGA,REDFAC,VELTOL,FNEW,DNEW,HBI,MBO,

MM, MHT,NBL, NHUB,NTIP,NIN,NOUT,NBLPL, NPPP, NOSTAT, NSL, NLOSS,
LSFR, LTPL, LAMVT,LROT,LBLAD,LETEAN,ANGROT, IKESH, ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDERUG,ZOMIN,ZO0MBI,Z0NBO,Z0N00T,
ROMIN, ROMBT, ROMBO,ROMOUT,ZHIN, ZT IN, ZHOUT,ZTOUT, RHIN, RTIN, RHOU™,
RTOUT, TITLEI (20) ,ZHUB (57) ,RHUB(50) ,ZTIP(50) ,RTIP(57) ,STIN(5C),
RADIN (50) , TIP (50) ,PRIP(5() ,LAMIN(S() ,VTHIN(5P) ,SFOUT(52),
RADOUT (50) , PROP (5C) , LOSOUT (57) ,LAMOUT {5C) , VTHOUT (57) ,

BETALE (50) , BETATE (50) ,ZHST (57) , ZTST (50) , RHST (50) ,RTST(55),

FLFR (53) ,PERCRD (50) , PERLOS (50) ,ZBL(50,5C) ,RBL(57,50) ,

THBL (50,50) , TNBL(50,50) ,TTBL(5¢,5"), TH1BL (50,50) ,TH2BL (50,5C)

COHHON/CALCON/HHH1,MHTP1,CP,FXPON,TGROG,PITCH,RLEH,RLET,RTEH,RTET,

ZLE{5G) , RLE (50) ,2TE(5C) ,RTE(5") , ZLEOM (10 1) ,RLEOM (171},
SLEOM (101) , THLEOM (101) ,ZTEOM (17 1) ,RTEOM (101) ,STEOHK (101),
THTEOM(101) , ILE (101) , ITE (171) ,20M (100,10 1) ,RON (120,101,

SoM (160, 101) , TOM (120,101) ,BTH (100,17 7) ,DTHDS (107,101),

& WK =

COMMON/ROTATN/ZHROT (52) , RHROT (59) , 2TROT (5C) ,RTROT (5C)
1 ZLEOMR (101) ,RLEOMR (171) , ZTEOMR (131) ,RTEOMR(101),

DTHDT(100,101),PLOSS(1OO,1G1),CPHI(1O“,1F1),SPHI(190,101)

> ZBLROT(50,50),RBLROT (50, 57),204ROT (109,1C1) ,ROMROT (100, 101)
COMMON/PLTCOM/ZLRNG, ZRRNG, RERNG, RTRNG, ZHPLT (100) ,RHPLT (102),

1 ZSPLT(1CO),RSPLT(100),ZLPLT(155),RLPLT(1CO),ZTPLT(1CD),
2 RTPLT (100)
DIMENSION ARA(100),BBB(102)
C
C--0OBTAIK PLOT POINTS OGN HUB

DELZ = (ZHROT (NHUB) -ZHROT(1))/99.
ZHPLT (1) = ZHROT (1)
po 10 I=2,100
10 ZHPLT (I) = ZHPLT(I-1)+DELZ
CALL SPLINT (ZHROT,RHROT,NHUR,7HPLT, 1C0, RHPLT,ARA, BBB)
CALL ROTATE (-ANGROT,ZHPLT,RHPLT,10C,1,107,1,2ZHPLT,RHPLT)

C--0OBTAIN PLOT POINTS ON SHROUD
C
DELZ = (ZTROT(NTIP)~-ZTRQT(1))/99.
ZSPLT(1) = ZTROT (1)
po 20 I1=2,100
20 ZSPLT(I) = ZSPLT(I-1)+DELZ
CALL SPLINT (ZTROT,RTROT,NTIP,ZSPLT, O6,RSPLT,AAA,BRB)
CALL POTATE(-ANGROT,ZSPLT,RSPLT,TCO,1,100,1,ZSPLT,RSPLT)
IF (MBT.EQ.0) GO TO 50
C
C--OBTAIN PLOT PCINTS UP BLADE LEADING EDGE
C
DELR = (RLET-RLEH)/99.
RLPLT (1) = RLEH
RLPLT (1C0) = RLET
po 30 J=2,99
30 RLPLT(J) = RLPLT(J-1)+DELR
CALL SPLINT(RLE,ZLE,NBLPL,RLPLT,1C°,ZLPLT,AAA,BBH)
CALL ROTATE(-ANGROT,ZLPLT.RLPLT,100,1,10“,1,ZLPLT,RLPLT)
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C==-OBTAIN PLOT POINTS UP BLADE TRATILING EDGE

CALL SPLINT(RTE,ZTE,NBLPL,RTPLT,*(d,ZTPLT,AAA,BBB)

CALL ROTATE (-ANGROT,ZTPLT,RTPLT,100,1,

C
DELR = (RTET-RTEH) /99.
RTPLT (1) = RTEH
RTPLT (100) = RTET
DO 4C J=2,99
40 RTPLT(J) = RTPLT (J-1)+DELR
c
C--CALCULATE THE RANGE OF THE PLOT
C
50 ZLRNG = ZHUB(1)
ZRRNG = ZHUB(NHUB)
RBRNG = RHUB (1)
RTRNG = RTIP(1)

C--CHECK HUB AND TIP
DO 60 I=1,NHUB
ZLRNG
ZRRNG
RBRNG

60 RTRNG
Do 70
ZLRNG
ZRRNG
RBRNG

70 RTRNG

=1,NTIP

L T T T A [

DO 80 J=1,MHTP1
ZLRNG
ZLRNG
ZRRNG
ZRRNG
RBRRNG
RBRNG
RTRNG
BC RTRNG

L[ LI T T R T (I T |

DO 90 I=1,MN
ZLRNG
ZLRNG
ZRRNG
ZRRNG
RBRNG
RBRNG
RTRNG
90 RTRNG

B T O T T I

DO 100 I=1,NPPP
ZLRNG
ZLRNG
ZRRNG
ZRRNG
RBRNG
RBRNG
RTRNG
1C0 RTRNG
110 DELZ = ZRRNG-ZLRNG

o o nn ua

AMINT (ZLRNG, ZHUB (T))
AMAX1 (ZRRNG,ZHUB(I))
AMINT (RBRNG, RHUB (I})
AMAX1 (KTRNG, RHUB (T))

AMINT (ZLRNG,ZTIP (I))
AMAX1 (ZRRNG,ZTIP(I))

AMINT (RBRNG,RTIP (I))

AMAX1 (RTRNG,RTIP(I))
C--CHECK INLET AND OUTLET MESH BOUNDARIES

AMIN1 (ZLRNG,ZOM (1,J))
AMINT (ZLRNG,Z0M (MM, J))
AMAX1(ZRRNG,ZOM (1,J))
AMAX1 (ZRRNG,ZOM (MM, J))
AMIN1(RBRNG,ROM (1,J))
AMIN1 (RBRNG,ROM (MM, J))
AMAX1(RTRNG,ROM (1,J))
AMAX1 (RTRNG,ROM (MM, J))
C--CHECK HUB AND TIP MESH BOUNLARIES

AMINT (ZLRNG,ZOM (I, 1))

AMIN1 (ZLRNG,ZOM (I, MHTP1))
AMAX1 (ZRRNG,ZOM(I, 1))

AMAX1 (ZRRNG,ZOM (I, MHTP1))
AMINT (RBRNG,ROM (I, 1))

AMINT (RBRNG,ROM (I, MHTP1))
AMAX1 (RTRNG, ROM (I, 1))

AMAXT (RTRNG,ROM(I,MHTPT))
C--CHECK FIRST AND LAST INPUT BLADE SECTTONS

IF (MBI.EQ.0) GO To 110

AMINT (ZLRNG,ZBL (I,1))
AMINT (ZLRNG,ZBL (I, NBLPL))
AMAX1 (ZRRNG,ZBL (I,1))
AMAX1 (ZRRNG,ZBL (I, NBLPL))
AMIN1 (RBRNG,RBL (I, 1))
AMIN1 (RBRNG,RBL (I, NBLPL))
AMAX1 (RTRNG,RBL(I,1))
AMAX1 (RTRNG, RBL (I, NBLPL))

108,1,ZTPLT,RTPLT)
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ZLRNG ZLRNG-(0,.05%DELZ
ZRRHNG ZRRNG+(0.05*DFLZ
DELR = RTRNG-RBRNG

RBRNG RBRNG-0.C05*DELR
RTRNG RTENG+(0.05*DELR

C
C-~-CHOOSE MAXIMUM RANGE, AND EXPAND RANGE IN THE OTHER DIRECTION
C

DMD2 = 1.1#%ABS (DELZ-DELR)/2.

IF (DELR.GT.DELZ) GO TO 120

RTRNG = RTRNG+DMD2
RBRNG = RBRNG-DMD2
RETURN

12C ZRRNG = ZRRNG+DMD2
ZLRNG = ZLRNG-DMD2
RETURN
END

SUBROUTINE PRECAL
c
C--PRECAL CALCULATES MANY OF THE REQUIRED FIXED CONSTANTS
o
COMMON NREAD,NWRIT,ITER,IEND,NWRT1,NWRT2,NWRT3,NWRT4,NWRTS, NWRTH
COMMON/INPUTT/GAM,AR,MSFL,OMEGA, REDPAC, VELTOL, FNEW,DNEW, MBI, B0,

MM, MHT, NBL, NHUB,NTIP,NIN, NOUT, NBLPL, NPPP, NOSTAT, NSL, NLOSS,

LSFR,LTPL,LAMVT, LROT,LBLAD,LETEAN, ANGROT, IMNESH, ISLINE,

ISTATL, IPLOT, ISUPER,ITSON, IDEBUG,ZOMIN,ZOMBI,Z0MBO,Z0MOTT,

ROMIN,ROMBI,ROMBO,ROMOUT ,ZHIN, 2T IN,ZHOUT,ZTOUT, RHIN,RTIN, RHOUT,

RTOUT, TITLEI (20),ZHUB(50),RHUB (53) ,Z2TIP(57) ,RTIP (50) ,SPIN(5%),

RADIN(50),TIP(50) ,PRIP(50) ,LAMIN(50),VTHIN(50),SFOUT (57),

RADOUT (50) , PROP (50) , LOSOUT (517) ,LAMONT (50) , VTHOUT (52) ,

BETALE (50) , BETATE (50) ,ZHST(50) ,ZTST(50) ,RHST (5"} ,RTST(50),

FLFR (50) ,PERCRD (50) , PERLOS (57) ,ZBL(50,50) ,RBL(50,57),

THBL (50,53) , TNBL(50,50) , TTBL (59,50) , TH1BL (59,50) ,TH2BL (52,5()
COMMON/CALCON/MMM1,MHTP1,CP,EXPON, TGROG, PITCH, RLEH, RLET ,RTEH,RTET,
1  ZLE(50),RLE(50),2TE(50),RTE(50),ZLEOM (101) ,RLEON (171),

2 SLEOM(101),THLEOM(101),ZTEOM(101) ,RTEOM(101) ,STEOM (101},

3 THTEOM(101) ,ILE(101) ,ITE (101),Z0M(100,101) ,ROM(102,101),
4
5

- O RN E W=

SOM(100,101),TON (100,101) ,BTH(109,101) ,DTHDS (107,101),
DTHDT (100,101) ,PLOSS (100,101) ,CPHI(100,101),SPHI(101,1n1)
COMMON/VARCOM/A (4,100,101) ,UOM (100, 101) ,K (100, 101) ,RHO (100,101),
1 WSUBS(100,101),WSUBT (100,101) ,¥SUBZ(100,101),WSUBR(100,101),
2 WSUBM(100,101),WTH(100,101),VTH(10C,101),W(100,101),
3 ALPHA({100,101),BETA (100, 101) ,WWCR(100,161),CURV (100,101},
4  WLSURF(100,101) ,WTSURF(100,101),CAMP (100,101) ,SAMP (16N, 101),
S  RHOAV (100,101),DELRHO (100,191),PT (100,101) ,DFDM (107, 101),
6 XIOM(100,101),ZETOM(100,101),DLDO(100,101)
COMMON/ROTATN/ZHROT (50) , RHROT (59) , ZTROT (50) , RTROT (50) ,
1  ZLEOMR(101),RLEOMR(101),ZTEOMR(101) ,RTEONR(101),
2 ZBLROT(590,50) ,RBLROT (50,50) ,ZOMROT (100, 1C 1), ROMROT (10C, 101)
DIMENSION DYDX (101),D2YDX2 (101),TTEM(50),DOM (101) ,DIP (50),
1 SZRBL(50),BLOCK (50) S
REAL MSPL,LAMIN,LANOOT
c
C--INITIALIZE TIPF, RHOIPF, LAMDAF, AND RVTHTA
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CALL LAMNIT
CALL RVTNIT
IF (GAM.NE.O.) CALL TIPNIT
IF (GAM.NE.0.) CALL RHINIT

o
C~-INITIALIZE THE BTH ARRAY
C
DO 30 J=1,MHTP1
DO 30 I=1,HM
3¢ BTH(I,J)= PITCH
C
C--INITTALIZE THE FLFR ARRAY IF IT WAS NOT READ IN
c
IP (NSL.GE.1) GO TO 50
NSL = 11
FLFR(1) = 0.
FLFR (11) = 1.0
DO 40 J=2,10
40 FLFR(J) = FLFR(J-1)+0.1
GO TO 80
c
C--SET END POINTS FOR FLFR ARRAY
C
50 IF (FLFR(1).LE.D,) GO TO 70
TEMP1 = 0,
DO 60 JL=1,NSL
TEMP2 = FLFR(JL)
FLFR(JL) = TEMP1
6C TEMP1 = TEMP2
NSL = NSL+1
FLFR (NSL) = TEMP1
70 IF (FLFR(NSL).GE.1.(C) GO TO 80
NSL = NSL+1
FLFR(NSL) = 1.0
o
C--CALCULATE SOM FPROM THE ZOM,ROM ARRAYS
c
8C DO 90 J=1,MHTP1
SON(1,J) = 0.
DO 90 I=2,MN
90 SOM(I,J)= SOM (I-1,J) +SQRT ((ZOM(I,J) -ZOM(I-1,J)) **2+ (ROM (I, J) -
TROM (I-1,J)) **2)
c
C--CALCULATE TOM FROM THE ZOM,ROM ARRAYS
c

DO 100 I=1,NM
TOM(I,1) = 0.
DO 100 J=2, MHTP1
100 TOM(I,J)= TOM(I,J-1)+SQRT((ZON(I,J)~ZON (I,J-1))**2+ (ROM(T,J) -
1ROM (I1,J-1)) **2)
c
C--ROTATE HUB AND SHROUD STATION LINE LOCATION ARRAYS
IF (NOSTAT.EQ.0) GO TO 101
CALL ROTATE (ANGROT,ZHST,RHST,NOSTAT, 1,50, 1,ZHST, RHST)
CALL ROTATE (ANGROT,ZTST,RTST,NOSTAT,1,50,1,2TST, RTST)
C
C--ROTATE ZBL AND RBL TO GET ZBLROT AND RBLROT
101 CALL ROTATE (ANGROT,2BL, RBL, NPPP, NBLPL,59,50,ZBLROT, RBLROT)
c
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KRR}

C--SET IL® AND ITE ARRAYS WHFN THZRFE ARY NQ BLADLES

C
IF (MBI.NE.J) GO TO 174
DO 1C2 J=1,MHTP?
ILE(J) = MM+1
162 ITE(J) = MM+#1
GO TO 225
o

C--CALCULATE LEADING EDGE ARRAY, ZLE,RLE ,FFOM ZBL AND RBL ARRAYS
C--CALCULATE INTERSECTION OF LEADING EDGE WITH HUB AND SHROUD PROFILES
c
164 DO 110 JN=1,NBLPL
ZLE(JN) = ZBLROT (1,JN)
11C BRLE(JN) = RBLROT (1,JY)
CALL INRSCT (ZHROT,RHROT,NHUB,ZLE,RLE, NRLPL, ZLEH, RLEH)
CALL INRSCT (2TROT,RTROT,NTIP,ZLE,RLZ,NBLPL,ZLET,RLET)
C
C--CALCULATE TRAILING EDGE ARRAY, ZTE,RTF ,FROM ZEL AND RBL ARRAYS
C--CALCULATE INTERSECTIONS OF TRAILING EDGE WITH HUR AND SHRNUD PROFILES
C
pO 120 JN=1,NBLPL
ZTE(JN) = ZBLROT (NPPP,JN)
12C RTE(JN) = RBLROT (NPPP,JN)
CALL INRSCT (ZHROT,RHROT,NHUB,2TE,RTE,NBLPL,ZTEH,RTZH)
CALL INRSCT(ZTROT,RTROT,NTIP,2TE,RTE,NBLPL,ZTET,RTET)
C
C--CALCULATE ORTHOGONAL MESH ARRAYS AT THE LEADING EDGE
C--2LEOM(AND ZLEOMR), RLEOM(AND RLTOMR), SLEOM, AND THLEOM
C--CALCULATE ILE ARKAY OF MSSH POTNT LOCATIONS INSIDE BLADE
C--LEADING EDGF
c
ZLEOMR (1) ZLEH
RLEOMR (1) RLEH
ZLEOMR (MHTP1) = ZLET
RLFOMR (MHTP1) = RLET
DO 130 J=2,MHT
130 CALL INRSCT (ZOMROT (1,J) ,ROMROT (1,J) ,*M,ZLE, RLE, NRLPL,ZLEOMR (J),
1RLEOMR (J))
DO 160 J=1,MHTP1
DO 140 I=1,MM
IF (ZLEOMR(J) .LF.ZO0MROT (I,J)) GO TO 15"
140 CONTINUE
15 ILE(J) = I
16C SLEOM(J) = SOM(I-1,J)+SORT ((ZLEOM® (J)-ZOMROT (I~1,J)) **2
1+ (RLEOMR (J) ~ROMROT (I-1,J)) **2)
DO 170 JN=1,NBLPL
17¢ TTEM(JIN) = THBL(1,JN)
DOM (1) = 0,
DO 174 J=2,HHTP1
174 DOM(J) = DOM(J-1) +SQRT ( (ZLEOME (J) ~ZLEOMR (J~1)) *%2
1+ (RLEOMR (J) ~-RLEOMR (J=1) ) **2)
DIP(1) = O.
DO 176 JN=2,NBLPL
176 DIP(JN) = DIP(JN-1)+SQRT ({(ZLE (JN) ~ZLE(JN~-1)) *#%2+
1 (RLE (JN) =RLE(JN=1)) **2)
CALL SPLINT(DIP,TTEM,NBLPL,DOM,MHTP1,THLEOM, DYDX, D2YDX2)
CALL ROTATE (-ANGROT,ZLEOMR, RLEOM®,MHTP1,1,101,1,ZLEON, RLEOHN)

c
C--CALCULATE ORTHOGONAL MESH ARRAYS AT THE TRAILING EDGE

126



C--ZTEOM(AND ZTEOMR), RTFOM(AND RTEOMR), STEOM, AND THTEOM
C--CALCULATE ITE ARRAY OF MESH POINT LOCATIONS INSIDE BLADE
C--TRAILTNG EDGE
C
ZTEOMR (1) ZTEH
RTEOMR (1) RTEH
ZTEOMR (MHTP1) = ZTET
RTEOMR (MHTP1) = RTET
DO 186 J=2,MHT
18¢ CALL INRSCT(ZOMROT(1,J),ROMROT(1,J) ,MM,2TF,RTE,NBLPL,ZTFONR (J),
TRTEOMR (J))
DO 210 J=1,MHTP1
ILEJ = ILE(J)-1
DO 19C TI=ILEJ,6M¥
IF (ZTEOMR (J) .LT.ZOMROT (I,J)) GO TO 230
19C CONTINUE.
200 ITE(J) = I-1
ITEJ = I-1
21C STEOM(J) = SOM(ITEJ,J) +SORT ( (ZTEOMR (J) ~ZOMROT (ITEJ, J) ) **2
14 (RTEOMR (J) ~ROMROT (ITEJ, J) ) **2)
DO 22C JN=1,NBLPL
22C TTEM(JN) = THBL (NPPP,JN)
DOM (1) = 9.
DO 222 J=2,MHTPI
222 DOM(J) = DOM(J=-1) +SQRT ((ZTEOMR(J) ~ZTEOMR (J-1)) **2
14+ (RTEOMR (J) ~RTEOMR (J=1) ) **2)
DIP(1) = 0,
DO 223 JN=2,NBLPL
223 DIP(JN) = DIP(JN-1) +SQRT((ZTE(JIN)-ZTE(IN=1)) *%2+
1 (RTE (JN) ~RTE (IN-1) ) **2)
CALL SPLINT (DIP TTEM,NBLPL,DOM,MHTP1,THTEOM,DYDX,D2YDX2)
CALL ROTATE (~ANGROT,ZTECMR, RTEOMR, MHTP1,1,101,1,2TEOM, RTEON)

HoH

o
C--PRINT BLADE GEOMETRY ON TNPUT PLANES
o
WRITE (NWRIT,1000)
DO 224 JN=1,NBLPL
SZRBL(1) = 0.
BLOCK (1) = TTBL (1,JN)/PITCH
DO 226 IN=2,NPPP
SZRBL (IN) = SZRBL(IN-1) +SQRT ((ZBL(IN,JN) -ZBL (IN-1,JN)) **2
1+ (RBL (IN,JN) -RBL (IN~1,JN)) *%2)
226 BLOCK(IN) = TTBL(IN,JN)/PITCH
IF(LETEAN.EQ.1) GO TO 232
CALL SPLINF (SZRBL,THBL(1,JN),NPPP,DYDX,D2YDX2)
GO TO 234
232 DTHDSL = TAN(BETALE(JN)/57.295789) /RBL(1,JN)
DTHDST = TAN{BETATE(JN)/57.295780) /RBL (NPPP,JN)
CALL SPLISL (SZRBL,THBL(1,JN),NPPP,DTHDSL,DTHDST,DYDX,D2YDX2)
234 WRITE (NWRIT,1010) JN, (IN,ZBL(IN,JN),RBL(IN,JN),THBL(IN,JN),
1TTBL(IN,JN) ,BLOCK(IN),SZRBL (IN),DYDX (IN),D2YDX2{IN),IN=1,NPPP)
224 CONTINUE
WRITE (NWRIT,1740)
C
C--CALCULATE THETA GRADIENTS CN THE ORTHOGONAL MESH
c
CALL THETOM
o
C--CORRECT BTH FOR BLADE THICKNESS ON THE ORTHOGONAL MESH
o
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CALL THIKOM
C
C--REDUCE MASSFLOW, WHEEL SPEED, AND WHIRL FOR REDUCED FLOW SOLUTTON
of
22% IF (REDFAC.EQ.1.0) GO TO 26¢
OMEGA = OMEGA*REDFAC
MSFL = MSFL*REDFAC
DO 230 J=1,NIN
LAMIN(J) = LAMIN(J)*REDFAC
230 VTHIN(J) = VTHIN (J)*REDFAC
IF (MBI.EQ.Q0) GO TO 250
po 240 J=1,NOUT
LAMOUT (J)= LAMOUT(J) *REDFAC
2uC VTHOUT(J) = VTHOQUT (J) *REDFAC

C
C--RE-INITIALIZE LAMDAF AND RVTHTA FOR REDVUCED FLOW
of
CALL RVTNIT
250 CALL LAMNIT
C
C--PRINT DEBUG OUTPUT
C
260 IF (IDEBUG.LE.O0) GO TO 270
WRITE (NWRIT,1020)
WRTTE(NWRIT,1030) ((I,J,SOH(I,J),TOM(T,J),BTH(I,J),DTHDT(I,J),
1CPHI(I,J),SPHI(I,J),T=1,H44),J=1,MHTPI)
WRITE (NWRIT,1040)
C

C--FOR INCOMPRESSIBLE FLOW, INITIALIZE THE DENSITY (RHO ARRAY)
c
270 IF (GAM.NE.O.) RETURN
DO 280 J=1,MHTP1
DO 280 I=1,MM
286 RHO(I,J) = AR

RETURN
C
C--FORMAT STATEMENTS
o
1000 FORMAT (1H1,//42X,UB (T1H*) /42X, U8H* BLADE GEOMETRY ON INPUT BLADE
1 SECTIONS */U42%,48 (1H*) //)

1010 FORMAT (///4X,28H%* INPUT BLADE PLANE NUMBER,I3,4H **//2X,2HIN,
16X, 34ZBL, 13X, 3HRBL, 13X, 4HTHBL, 12X, 4HTTBL, 10X, 8HBLOCKAGE, 10X,
25HSZRBL, 10X, 6HDTHDSP, 10X, 7HDTHDSP2/ (2X,12,8G16.7))

1020 FORMAT (1H1,//35X,57 (1H*)/35X,57H* CONSTANT OQUANTITIES ON THE
1 ORTHOGONAL MESH */35X,57 (1H*) /74X, 1HI ,4X, 163, 6X, 3HSON, 12X,
23HTOM, 12X, 3HBTH, 11X, SHDTHDT, 10X, UHCPHI, 11X, UHSPHI)

1030 FORMAT (215,6G15.5)

1040 FORMAT (1H1)

END

SUBROUTINE THETOM

C

C--THETOM CALCULATES THE DERIVATIVES OF THETA WITH RESPECT TO S AND T
C--DIRECTIONS ON THE ORTHOGONAL MESH

C
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COMMON NREAD,NWRIT,ITER,IEND,NWRT1, NWRT2, NWRT3, NWRTU, NWRTS, NWRT6
COMMON/INPUTT/GAM, AR,MSFL,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, MRO,
MM,MHT,NBL,NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL, NLOSS,

LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN, ANGROT, INESH,ISLINE,
ISTATL,IPLOT, ISUPER,ITSON, IDERUG,ZOMIN,ZOMBI, ZOMRO, ZOMONIT,
ROMIN, ROMBI, ROMBO, ROMOUT, ZHIN,ZTIN, ZHOUT, ZTOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLET (20) , ZHUB (59) , RHUB(5°) ,2TIP(50) ,RTIP (5)) ,SFIN (57),
RADIN (50),TIP(50),PRIP(50) ,LAMIN (57),VTHIN(50) ,SFOUT (59),
RADOUT (59) , PROP (50) ,LOSOUT (50) , LAMOUT (5C) , VTHOUT (57) ,
BETALE(50) ,BETATE (50) ,ZHST (59) , 2TST (50) , KHST (5C) ,RTST (50) ,
FLFR(50) ,PERCRD(57) ,PERLOS (57) ,2BL(5",50) ,PBL (50,52),
THBL(50,50) ,TNBL(57,50) ,TTBL(52,50) , TH1BL (50, 5") ,TH2BL (57, 50)

COMMON/CALCON/MMM1,MHTP1,CP,EXPON, TGROG, PITCH,RLEH,RLET, RTEH,RTET,
ZLE(50) ,RLE(50) ,Z2TF(50) ,RTE(5") , ZLECM (101) ,RLEOM (17 1),
SLEOM (101) , THLEOM (101) ,2TEOM{101) ,RTEOM(101) ,STEOM (101) ,
THTEOM (191) ,ILE(101) ,ITE(101),20% (170, 101) ,ROM (100 ,1C1) ,
SOM(100,101),T0M (100,101),BTH (100,13 1) ,DTHDS (107,101),
DTHDT (100,101),PLOSS (100,101) ,CPHI (100,101}, SPHT (160,10 1)

COMMON/ROTATN/ZHROT (50) , RHROT (57) ,ZTROT (5C) ,RTROT (50) ,

1 ZLEOMR(101) ,RLEOMR(1C1) ,ZTEOMR (171) ,RTEOMR({101),

2 ZBLROT(50,50) ,RBLROT(50,50),Z0OMROT(100,101) ,ROMROT (1C", 101)

COMMON/INDCOM/NBLPC,NPPC,2PC(51,51) ,RPC(51,51),TTPC(51,51),

1 THPC(51,51),DTHDZ (51,51) ,DTHDR (51,51) ,BTHLE(101) ,BTHTE (101),

2 BTBFLE(1901) ,BTBFTE(101)

DIMENSION ANGZ(51,51),ANGR(51,51),DTHDSP(51,51),DTHDTP(51,51),

1 SZRBL(51),SZRPC(51),2PCT1(51) ,RPCT1(51), THPCTI (51) ,TTRCT1 (51},

2 ANGT1(51),DTST1(51) ,2PCT2(51) ,RPCT2(51), THPCT2(51) , TTPCT? (%1),

3 ANGT2(51),DTST2(51) ,DYDX (51),D2YDX2(51)

NBLPC = 21

NPPC = 21

- O WD E WA .-

Vi & W) -

c
C--CALCOULATE GRADIENTS OF THETA WITH RESPECT TO DISTANCE ALONG INPUT
C--ZBL,RBL LINES
c
C--LOCATE TNTERSECTIONS OF INPUT ZBL,RBL LINES WITH LINES FROM
C--HUB TO TIP AT FIVE PERCENT CHORD INTERVALS
5 DO 60 JN=1,NBLPL
DELZ= (ZBLROT (NPPP,JN) -ZBLROT (1, JN) ) /FLOAT (NPPC-1)
ZPC(1,JIN)= ZBLROT (1,JN)
DO 10 KN=2,NPPC
10 ZPC(KN,JN) = ZPC (KN-1,JN) +DELZ
c
C--CALCULATE R COORDINATES AND ANGLES WITH PESPECT TO Z AXIS AT
C--INTERSECTION POINTS
CALL SPLINT(ZBLROT(1,JN) ,RBLROT (1,JN),NPPP,ZPC(1,JN), NPPC,
1RPC (1,JN) ,ANGZ (1,JN) , D2YDX2)
DO 20 KN=1,NPPC
20 ANGZ (KN,JN) = BATAN(ANGZ (KN, JN)) +ANGROT
c
C--CALCULATE ARC LENGTH ALONG INPUT LINES USING INPUT POTNTS
SZRBL{1)= 0.
DO 30 IN=2,NPPP
30 SZRBL(IN) = SZRBL(IN-1) +SQRT((ZBL (IN,JN)-ZBL (IN-1,JN)) %#2
14 (RBL(IN,JN)-RBL (IN-1,JN)) *%2)
c
C--CALCULATE ARC LENGTH ALONG INPUT LINES USING POINTS AT FIVE
C--PERCENT OF CHORD
SZRPC(1)= 0.,
DO 40 KN=2,NPPC
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40 SZRPC (KN) = SZRPC (KN-1) +SQRT ( (2PC (RN, JN) ~ZPC (KN-1,IN) ) **2
14 (RDC (KN, JN) =RPC (KN-1,JN)) **2)
c
C--CALCULATE THETA AND CHANGE OF THETA WITH ARC LENGTH ALONG INPUT LINES
IF (LETEAN.EQ.1) GO TO 5C
CALL SPLINT (SZRBL,THBL(1,J¥),NPPP,SZRPC,NPPC,THPC(1,IN),
1DTHDSP (1,JN),D2YDX2)
GO TO 55
5¢ DTHDSL = TAN(BETALE (JN)/57.295780) /RBL(1,dN)
DTHDST = TAN (BETATE (JN)/57.295787)/RRBL (NPPP, JN)
CALL SPINSL(SZRBL,THBL(1,JN),NPPP,DTHDSL, DTHDST,SZREC,NEPC,
174PC (1,JN) ,DTHDSP (1,JN) ,D2YDX2)
55 CONTINUE
c
C--CALCULATE BLADE THTICKNESS IN THETA DIRECTION AT DOINTS AT
C--FIVE PERCENT OF CHORD
CALL SPLINT(SZRBL,TTBL(1,JN),NPPP,SZRPC,NPPC,TTPC(1,JN),DYDX,
1D2YDX2)
60 CONTINUE

C
C--CALCULATE GRADIENT OF THFTA WITH RESPECT TO DISTANCE np FIVE PERCENT

g--CHORD 7pC,RPC LINES
po 130 KN=1,NPPC
C
C--STORE DATA AT FIVE PERCENT CHORD POTNTS ON INPUT BLADE PLANES INTO
C--TEMPORARY ARRAYS FOR SPLINT CALLS
po 70 JN=1,NBLPL
ZPCT1(JIN) ZPC (KN, JN)
RPCT1 (JN) RPC (KN, JN)
THPCT1 (JIN) THPC (KN, JN)
TTRPCT1 (JN) TTPC (KN, JN)
ANGT 1 (JIN) ANGZ (KN, JN)
70 DTST1(JIN) DTHDSP (KN, JN)

a

c
¢--CALCULATE ARC LENGTH UP FIVE PERCENT CHORD LINES
DO 8C JN=2, NBLPL
80 SZRBL(JN) = SZRBL (JN-1) +SQRT ((ZPCT1 (JN) ~ZPCT1(JN-1) ) **2
1+ (RPCT1 (JN) =RPCT 1 (IN-1)) **2)

C
C--CALCULATE POINTS ON THE ALTERNATE MESH
DELR = (RPC (KN,NBLPL)-RPC(KN,1))/FLOAT (NBLPC-1)
RPCT2 (1) = RPC{KN,1)
po 90 LN=2,NBLPC
90 RPCT2(LN) = RPCT2(LN-1) +DELR
CALL SPLINT(RPCT1,ZPCT1,NBLPL,RPCTZ,NBLPC,ZPCTZ,DYDX,DZYDX2)
c
G--CALCULATE ARC LENGTH AND ANGLE WITH RESPECT TO R UP FIVE PERCENT
C--CHORD LINES ON THE ALTERNATE MESH
ANGR (KN, 1) = ATAN({DYDX (1)) ~ANGROT
po 100 LN=2,NBLPC
SZRPC (LN) = SZRPC(LN-1) +SQRT ( (RPCT2 (LN) ~RPCT2 (LN-1)) **2
14 (ZPCT2 (LN) ~ZPCT2 (LN=-1) ) **2)
100 ANGR (KN,LN) = ATAN (DYDX (LN))-ANGROT
C
G--CALCULATE THETA AND CHANGE OF THETA WITH RESPECT TO ARC LENGTH UP
C--FIVE PERCENT CHORD LINES '
CALL SPLINT(SZRBL,THPCT1,NBLPL,SZRPC,NBLPC,THPCTZ,DYDX,DZYDXZ)
po 110 LN=1,NBLPC
110 DTHDTP (KN,LN) = DYDX(LN)
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C
CZ-CALCULATE ANGLE WITH RESPECT TO 2, CHANGE OF THETA WITH ARC LENGTH
C”-ALONG INPUT LINES, AND TANGENTIAL THICKNESS UP THE FIVE PERCENT
C--CHORD LINES
CALL SPLINT(SZRBL,ANGTT,NBLPL,SZRPC,NBLPC,ANGT2,DYDX,DZYDXZ)
CALL SPLINT(SZRBL,DTST1,NBLPL,SZRPC,NBLPC,DTST2,DYDX,D2YDX2)
CALL SPLINT(SZRBL,TTPCT1,NBLPL,SZRPC,NBLPC,TTPCT2,DYDX,DZYDX2)
c
C--STORE CALCULATED VALUES IN TWO-DIMENSTONAL ARRAYS ON THE ALTERNATE
C--MESH
DO 12C LWN=1,NBLPC
ZPC(KN,LN) = ZPCT2(LN)
RPC (KN,LN) = RPCT2 (LN)
THPC (KN, LN) = THPCT2 (LN)
TTPC (KN, LN) TIPCT2 (LN)
ANGZ (KN, LN) ANGT2 (LN)
120 DTHDSP (KN,LN) = DTST2(LN)
130 CONTINUE

[T ||

C
C--CALCULATE DTHDZ AND DTHDR FROM DTHDSP AND DTHDTP ON THE ALTERNATE
C--MESH
C

DO 140 LN=1,NBLPC

DO 140 KN=1,NPPC

COSAB= COS (ANGZ (KN, LN) +ANGR (KN, LN))

DTHDZ (KN,LN) = (DTHDSP(KN,LN)*COS(ANGR(KN,LN))-DTHDTP(KN,LN)*STN(

TANGZ (KN,LN))) /COSAB

140 DTHDR (KN,LN)= (-DTHDSP(KN,LN)*SIN(ANGR(KN,LN))+DTHDTP(KN,LN)*COS(

TANGZ (KN,LN))) /COSAB
C
C--INTERPOLATE TO OBTAIN DTHDZ AND DTHDR AT THE POINTS OF THE ORTHOGONAL
C--MESH
C--ROTATE DTDZOM AND DTDROM ON ORTHOGONAL MESH TO OBTAIN DTHDS AND DTHDT
C--THE GRADIENTS OF THETA IN THE S AND T DIRECTIONS
C

II 1

JJ 1

DO 150 J=1,MHTP1

ILEJ = ILE(J)

ITEJ = ITE(J)

DO 150 I=ILEJ,ITEJ

CALL LININT(ZPC,RPC,DTHDZ,NPPC,NBLPC,51,51,ZOHROT(I,J),

1ROHROT(I,J),DTDZCH,II,JJ)

CALL LININT(ZPC,RPC,DTHDR,NPPC,NBLPC,51,51,ZOMROT(I,J),

1ROHROT(I,J),DTDROH,II,JJ)

DTHDS(I,J) = DTDZOM*CPHI(I,J)+DTDROM*SPHI(I,J)

1506 DTHDT(I,J) = DTDROH*CPHI(I,J)—DTDZOH*SPHI(I,J)

Cc
C--PRINT DEBUG BLADE GEOMETRY ON ALTERNATE MESH

IF (IDEBUG.LE.0O) RETORN

WRITE (NWRTS, 1000) -

CALL ROTATE(-ANGROT,ZPC,RPC,NPPC,NBLPC,51,51,ZPC,RPC)

WRITE(NWRTS5,1010) ((KN,LN,ZPC(KN,LN),RPC(KN,LN),THPC(KN,LN),

1TTPC(KN,LN),DTHDSP(KN,LN),DTHDTP(KN,LN),KN=1,NPPC),LN=1,NBLPC)

CALL ROTATE(ANGROT,ZPC,RFC,NPPC,NBLPC,51,S1,ZPC,RPC)

WRITE (NWRT5,1020)

RETURN
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C--FPORMAT STATEMENTS

1000 PORMAT (1H1//25X,78(1H*) /25X, 78H* BLADE GEOMETRY ON ALTERNATE M
1ESH 21 HUB-TO-TIP * 21 L.E.-TO-T.E, */25X,78 (V%) ///
23%, 2HKN, 3X, 2HLN, 6X, 3HZPC, 13X, 3HRPC, 13X, UHTHPC, 12X, UHTTPC, 11X,
36HDTHDSP, 10X, 6EDTHDTP//)

1010 PORMAT (21I5,6G16.7)

1020 PORMAT (1H1)
END

SUBROUTINE THIKOM

c

C--THIKOM CALCULATES THE BLADE THICKNESS IN THE THETA DIRECTION AT

C--THE POINTS OF THE ORTHOGONAL MESH

c

COMMON/INPUTT/GAM, AR ,MSFL, OMEGA, REDFAC, VELTOL, FNEW, DNEW, M4BT, MBO,
MM,MHT,NBL,NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT,NSL, NLOSS,
LSFR,LTPL, LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH, ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZCOMIN,ZOMBY, 20MBO,ZOMOUT,
ROMIN, ROMBI, ROMBO,ROMOUT, ZHIN, 2T IN, ZHOUT, ZTOUT, RHIN,RTIN, RAOUT,
RTOUT,TITLEI (20) ,ZHUB (50) ,RHUB (50) ,2TIP(50) ,RTIP (50) ,SFIN(50),
RADIN (50),TIP (50),PRIP(50),LAMIN (50) ,VIHIN(50) ,SFOUT(50),
RADOUT (50) , PROP {50) , LOSOUT (50) , LAMOUT (50) , VTHOUT (50) ,
BETALE (50) ,BETATE (50) ,ZHST (50) , 2ZTST (50) , REST (50) ,RTST(57) ,
PLFR (50) ,PERCRD(50) , PERLOS (50) , ZBL(50,50) ,RBL (59,50),
THBL (50,50) , TNBL(50,50) ,TTBL (50, 50) , TH1BL (50,50) ,TH2BL (50,50)

COMMON/CALCON/MNM1,NHTP1,CP, EXPON,TGROG, PITCH,RLEH,RLET,RTEH,RTET,
ZLE (56) ,RLE (50) , ZTE (50) ,RTE(50) , 2ZLEOM (101) ,RLEON (101),
SLEOM (101) , THLEOM (101) ,2TEOM (101) ,RTEOM(101) ,STEOM (107),
THTEOM (101) , ILE(101) , ITE(101) ,Z0M (100,101) ,ROM(1CC,19T),
SOM(100,101) , TOM (100,101) ,BTH {100,101) ,DTHDS (100,101),
DTHDT (100,101) ,PLOSS (100, 101) ,CPHI (100,1¢ 1) ,SPHI (100,101)

COMMON/ROTATN/ZHROT (50) , RHROT (50) , ZTROT (50) ,RTROT (50) ,

1  ZLEOMR(101) ,RLEOMR(101),2TEOMR(101),RTEOMR(101),

2  ZBLROT(50,50) ,RBLROT (50,50) ,20MROT(109,101) ,ROMROT (100,101)

COMMON/INDCOM/NBLEC, NPPC,ZPC (51,51) ,RPC(51,51),TTPC(51,51),

1  THPC(51,51),DTHDZ (51,51) ,DTHDR (51,51) ,BTHLE(101) ,BTHTE(101),

2  BTBFLE(101) ,BTBFTE(101)

DIMENSION DIST(50),DTH(50) ,DISEOM(101) ,DTHEOM(101),

1 AAA(101) ,BBB(101)

S OONANEWN

NE W=

c
C--CALCULATE STREAN CHANNEL THICKNESS ARRAYS AT LEADING AND TRAILING
C--EDGES, BTHLE AND BTHTE
c
DIST(1) = 0.
DTH(1) = TTBL(1,1)
pO 30 JN=2,NBLPL
DIST (JN) = DIST(JN-1)+SQRT((ZBL(1,JN)-2BL(1,JN=1)) **2+
1 (RBL (1,JN) =RBL (1,JN-1) ) *%2)
30 DTH(JN) = TTBL (1,JN)
RBLR = RBL(1,1)*COS (ANGROT) -ZBL (1, 1) *SIN (ANGROT)
DISEOM(1) = SQRT ((ZLEON (1) -ZBL(1,1))**2+ (RLEOM (1) -RBL (1, 1)) **2)
DISEOM(1) = SIGN(DISEOM(1),RLEOMR(1)-RBLR)
DO 40 J=2,MHTP1
40 DISEOM(J) = DISEOM (J-1) +SQRT ((ZLEOM (J) ~ZLEOM (J-1)) **2+
1 (RLEOM (J) ~RLEON {J=1) ) ¥%2)
CALL SPLINT (DIST,DTH,NBLPL, DISEOM,NHTP1,DTHEON,AAA,BBB)
DO 50 J=1,MHTP1
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C

50 BTHLE(J) = PITCH-DTHEOM (J)
DTH(1) = TTBL (NPPP,1)
DO 60 JN=2,NBLPL
DIST(JN) = DIST(JN=1)+SQRT ((ZBL (NPPP,JN) -ZBL (NPPP,IN-1)) %% 24
1(RBL (NPPP,JN) -RBL (NPPP, IN-1)) %%2)

£Y DTH(JIN) = TTBL (NPPP,JN)
RBLR = RBL(NPPP, 1) *COS (ANGROT) -ZBL (NPPP, 1) *SIN (ANGROT)
DISEOM (1) = SQRT ((ZTEOM (1) ~ZBL(NPPP, 1)) **2+ (RTEOM (1)~-RBL (NPPP, 1))
1%%2)
DISEOM(1) = SIGN(DISEOM({1),RTEOMR(1)-RBLR)
DO 70 J=2,MHTP1

70 DISEOM(J) = DISEOM(J-1) +SQRT((ZTEOM (J) ~ZTEOM (J-1)) **2+
1 (RTEOM (J) ~RTEOM (J-1) ) *%2)
CALL SPLINT (DIST,DTH,NBLPL, DISEOM,MHTP1,DTHEON,AAA, BEB)
DO 80 J=1,MHTP1

80 BTHTE(J) = PITCH-DTHEOM (J)

C--INTERPOLATE TO OBTAIN BLADE THICKNESS IN THETA DIRECTION Af THE
C--POINTS OF THE ORTHOGONAL MESH, AND CORRECT BTH IN BLADE REGION

c

o

IT = 1
JJ = 1

DO 90 J=1,MHTP1
ILEJ = ILE(J)
ITEJ = ITE(J)

DO 90 I=ILEJ,ITEJ
CALL LININT (ZPC,RPC,TTRC,NPPC,NBLPC,51,51,Z0MROT(I,J),
1ROMROT (I,J) ,DBTH,II,JJ)
BTH(I,J) = BTH(I,J)-DBTH

90 CONTINUE
RETURN
END

SUBROUTINE INIT

C~-INIT ASSIGNS INITIAL VALUES TO THE ARRAY VARTABLES

C

COMMON/INPUTT/GAM, AR ,MSFL,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, HBO,
MM, MHT, NBL, NHUB,NTIP,NIN, NOUT,NBLPL, NPPP, NOSTAT, NSL, NLOSS,
LSPR,LTPL, LAMVT, LROT,LBLAD,LETEAN, ANGROT, INESH, ISLINE,

ISTATL, IPLOT, ISUPER, ITSON, IDEBUG, ZOMIN, ZCMBI, ZOMBO, ZONOUT,
ROMIN,RONBI,ROMBO, ROMOUT, ZHIN,ZT IN,ZHOUT, ZTOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLEI (20),ZHUB(50) ,RHU3(50) ,2TIP(50) ,RTIP (50) ,SFIN(57),
RADIN(50),TIP(50) ,PRIP(50),LAMIN (50),VTHIN(50),SFOUT (59),
RADOUT (50) , PROP (5C) , LOSOUT (50) ,LAMOUT (50) , VTHOUT (50) ,

BETALE (50) ,BETATE (50) ,ZHST (50) , 2TST(50) , RHST (50) ,RTST (50) ,

FLPR (50) ,PERCRD (50) ,PERLOS (50) ,ZBL(50,50) , RBL (50,50) ,

THBL (50, 50) , TNBL (50,50) , TTBL (5C,50) , TH1BL (50,50) , TH2BL (50,50)

COMMON/CALCON/NMMM1,MHTP1,CP,EXPON,TGROG, PITCH, RLEH, RLET, RTEH, RTET,

ZLE(50) ,RLE(5C),2TE(50) ,RTE(50) , ZLEOM (101) ,RLEON (101) ,
SLEOM(101) , THLEOM (101) ,ZTEOM (101) ,RTEOM(101) ,STEOM (107) ,
THTEOM (101) ,ILE(101) ,ITE (101) ,Z0M (100, 101) ,RON (100, 101) ,
SOM(100,101),TOM (100,101) ,BTH(100,101) ,DTHDS (100,101),
DTHDT(100,101) ,PLOSS (100,101) ,CPHI(100,101),SPHI (100,101)

COMMOR/VARCOM/A (4,100,101) ,UOM (100, 101) ,K(100,101) , RHO (100, 101) ,

= WONNAVE WN =

NEWN -



RN

C

DN E WD -

1
1

16

WSUBS (100, 101) ,WSUBT (100, 101) ,WSUBZ (100, 101) ,¥SUBR (100, 101),
WSUBM (100,101) ,WTH (100,101), VTH (100,101}, W (100,101),
ALPHA (100,101) ,BETA (1C0, 10 1), WNCR(100,101) ,CURV (109, 101),
WLSORF (100,101) ,WTSURF(10C,171),CAMP(100,1D1) ,SAMP(100,101),
RHOAV (100,1C1) ,DELRHO (100, 101) ,FT {100,101} ,DFDM (170, 101),
XIOM(100,1C1),ZETOM (100, 1C1) ,DLDU (100, 101)

REAL K,LAMDAF

DO 10 J=1,MHTP1

A(1,1,3) = 0.

A(2,1,3) = 0.
A(4,1,3) = 1.
A(1,4M,) = 0,
A(2,MM,J) = 0.
A(3,MM,J) = 1,
DO 10 I=1,HMH
WSUBS (I, J) = 1.
WSUBT (I,J) = 0.
WSUBZ (I,J) = 1.

W(I,J} = 0.
WTH(I,J) .
VTH({I,J) .
DELRHO(I,J) =
XIoM(I,J) = 0.
ZETOM(I,J) = 0.

0'

FT({I,J) = 0.
DFDM (I,J) = 0.
DLDU(I,Jd) = 0.
SAMP{I,J) = 0.
CAMP (I,J) = 1.
K(I,d) = 0.

PLOSS(I,J) = 0.

IF (GAM.EQ.0.) GO TO 10

UIJ = TOM{I,J)/TOM({I,MHTP1)* (ROM(I,J)+RCM(I,1))/

(ROM {I, MHTP1) +ROM (I, 1)) \

TPPTIP = 1.0-(2.*OMEGA*LAMDAF (UIJ,I,J) - (OMEGA%ROM (T,J))**2)/
(2.*CP*TIPF (UIJ))

RHO (I,J) = RHOIPF(UIJ)*TPPTIP**EXPON

RHOAV(I,J) = RHO(I,J)

RETURN

END

SUBROUTINE COEF

C--COEF CALCULATES COEFFICIENTS, A AND K,
C--FOR THE SYSTEM OF MATRIX EQUATIONS, Ax*U=K

C

134
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COMMON NREAD,NWRIT,ITER,IEND,NWRT?, NWRT2,NWRT3,NWRTU, NWRTS5,NWRTE

COMMON/INPUTT/GAM,AR,MSFL,OMEGA, REDFAC, VELTOL, FNEW,DNEW,MBT, MBO,
MM,MHT,NBL,NHUB,NTIP,RIN,NOOUT,NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT,INESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZOMIN,ZOMBI,ZOMBO,Z0M00T,
ROMIN,ROMBI,ROMBO,ROMOUT ,ZHIN,ZTIN,ZHOUT,2TO0T, RHIN,RTIN, RHOUT,
RTOUT,TITLEI{20) ,ZHUB(50) ,RHUB(50) ,ZTIP(50) ,RTIP(50) ,SFIN(50),
RADIN (50),TIP(50) ,PRIP(50),LAMIN(50),VTHIN(S0) ,SPOUT (50),
RADOUT (50) ,PROP (50) ,LOSOUT (59) ,LAMOUT (50) , VTHOUT (59) ,



C
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8 BETALE(50) ,BETATE(5)) ,24ST(5C), ZTST(5"), RHST(50) ,RTST(5"),
9  FLFR(52) ,PERCED (59) ,PERLOS (5"),ZBL(50,50) ,RBL (50,50,
1 THBL(59,50),TNBL(50,5C),TTBL(5",50) ,TH1BL(50,50) ,TH2BL(50,50)
COMMON/CALCON/MMM1,MHTE1,CP,EXPON,TGROG, PITCH, RLEH, RLET,RTEH,RTET,
ZLE(5C) ,RLE(50) ,2TE(5C) ,RTE(5") ,ZLEOM (10 1) ,RLEOM (101),
SLEOM (101) , THLFOM(101) ,ZTEOM (17 1) ,RTEOM(101) ,STEOM (101) ,
THTEOM (101) ,TLE (101}, ITE (101) ,20M (100, 101) ,ROM (100, 10 1),
SOM(100,101),TOM (1N, 101) ,BTH(107,101) ,DTHDS (100,101),
DTHDT (100,101) ,PLOSS (100,101) ,CPHI (100,10 1) ,SPHI (107,17 1)
COMMON/VARCOM/A (4,100, 101),UOM(10C,101) ,K(1€0,101) ,RRO(100,171),
WSUBS(100,101) ,WSUBT (100,101) ,WSUBZ (100, 101) ,WSUBR (100, 121),
WSUBM (100,1C1) ,WTH(100,101),VTH (1C0, 101), ¥ (100,1C1),
ALPHA (10C,101) ,BETA (100, 101) , WHCR (100, 1C1) ,CURV (107,101),
WLSURF (100,101) ,WTSURF(100,101),CAMP (100,101) ,SAMP (100, 101),
RHOAV (100, 1C1), DELRHO (100,101) ,FT(1C0,101) ,DEDM (101,101},
XIOM (100,101) ,ZETOM (100, 101), DLDU(100,101)
DIMENSTON DVTHDT (100,101)
REAL MSFL,K,KNEW

& Wk =

C--CALCULATE COEFFICIENTS AND CONSTANTS FOR FINITE DIFFERENCE EQUATIONS

C

1C
2C

30

WRITE (NWRIT,10G0) ITER
DCHANG = 0.

DMAX = -1,E20
DMIN = 1,E2C
MMMT = MM-1

DO 50 J=2,MHT

H4 = SOM(2,J)-SOM(1,J)

DO 50 I=2,MMM1

IF (ITER.EQ.1) DVTHDT(I,J)=0.

H1 = TOM(I,J)-TCM(I,Jd-1)
H2 = TOM(I,J+1)-TOM(TI,J)
H3 = HUY

H4 = SOM(I+1,J)-SOM(I,J)
C1 = H1+4H2

C2 = H3+HY

IF (ABS(CPHI(I,J)).LT.0.737) GO TO 10

DELPHS = (SPHI(I+1,J)-SPHI(I-1,J))/CPHI (I,J)

DELPHT = (SPHI(I,J+1)-SPHI(I,J-1))/CPHI(I,J)

GO TO 20

DELPHS = (CPHI(I-1,J)-CPHI(I+1,J))/SPHI (I,J)

DELPHT = (CPHI (I,J-1)-CPHI(I,J+1))/SPHI(I,J)

D1 = (BTH(I,J+1)-BTH(I,J-1))/BTH(I,J) +(RHO(I,J+1)-RHO(I,J-1))/
1RHO (I,J)

D1 = D1/C1+CPHI(I,J) /ROM (I,J) +DELPHS/C2

D2 = (BTH(I+1,J)-BTH(I-1,J))/BTH(I,J)+(RHO(I+1,J)~-RHO(I-1,J))/
1RHO (I, J)

D2 = D2/C2+SPHI(I,J)/ROM(I,J)-DELPHT/C1

A0 = 2./H1/H2+42./H3/HU

A(1,I,J3) = (2./H1+D1) /A0/CH

A(2,I,d) = {(2./H2-D1) /A0/C1
A(3,1,J) = (2./H3+D2)/A0/C2
A(4,I,J) = (2./H4-D2)/A0/C2

KNEW = XIOM(I,J) *W(T,J) **2+ZETOM(I, J)

IF (I.GE.ILE(J).AND.I.LE.ITE(J)) GO TO 30

KNEW = KNEW+WTH (I,J) /JMSPL*BTH(I,J) *RHO(I,J) *WSUBS (I,J) *DLDU(I,J)
GO TO 40

DVTEMP = (ROM(I,J+1)*VTH(I,J+1)-ROM(I,3-1)*VTH(I,J-1))/C

DCH = ABS(DVTEMP-DVTHDT (I,J))
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DCHANG = AMAX1(DCHANG, DCH)
IF (DCHANG.EQ.DCH) ICH = I
IF (DCHANG.FRQ.DCH) JCH = J
DMAX = AMAX1(DMAX,DVTEMP)
DMIN = AMIN1(DMIN,DVTEMP)
DVTHADT(I,J) = DNEW*DVTEMP+ (1.-DNEW) *DVTHDT (I,J)
KNEW = KNEW+WTH(I,J)/ROM(I,J)*DVTHDT (I, J)+FT(I,J)
IF (GAM.EQ.0C.) KNEW=KNEW+OMEGA® (LAMDAF(UOM(I,J+1),I,J+1)-
1LAMDAP({UOM(I,J-1),1,J-1))/C1
UC KNEW = KNEW*ROM(I,J) /AT*BTH(I,J) /MSPL*RHO(I,J)/WSUBS(I,J)
K(I,J) = KNEW
50 CONTINUE
IF (ITER.GT.1) WRITE(NWRIT,1010) DCHANG,ICH,JCH, DVTHDT (ICH,JCH),
1DMAX,DMIN

c
C--PRINT DEBUG OUTPUT
C
IF (IDFBUG.LE.0) RETOURN
IF ((ITER/IDEBUG)*IDEBUG.NE,ITER. AND.ITER.NF.1) RETURN
WRITE (NWRT5,1020)
DO 60 J=2,MHT
DO 60 I=1,MM
60 WRITE(NWRT5,1030) T,J, (A(IJ,I,J),IJ=1,4),K(I,J)
WRITE (NWRT5,1040)
RETURN
c
C--FORMAT STATEMENTS
c

100C FORMAT(/////1%,22(1H*) /1X,16H* TITERATION NO.,I3,3H */1X,22 (1H¥))

1010 FORMAT (//5X,26HMAXIMUM CHANGE IN DVTHDT =,G13.5,11X,6HAT I =,13,
154, J =,13,14,,6X, 14HWHERE DVTHDT =,G13.5/5X,26HMAXIMUM VALUE OF
2DVTHDT =,G13.5/5X,26HMININUM VALUE OF DVTHDT =,G13.5)

1920 FORMAT (1H1//30X,67 (1H*) /30X,67H* COEFFICIENTS OF MATRIX EQU
1ATION FOR STREAM FUNCTION */3CX,67(1H*)///  S5X,1HI,5X,1HJ,
26X, UHA (1), 12X, UHA(2) ,12X,UHA(3), 12X, 6HA (4), 13X, 1HK//)

1030 FORMAT (2I6,5G16.6)

1040 FORMAT (1H1)

END

SUBROUTINE SOR

o

C--SOR SOLVES THE SET OF MATRIX EQUATIONS, A*U=K

C--BY THE SUCCESSIVE OVERRELAXATION TECHNIQUE

c

COMMON NREAD,NWRIT,ITER,IEND,NWRT1, NWRT2,NWRT3, NWRT4, NWRTS, NWRT6

COMMON/INPUTT/GAM, AR,MSFL,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, NBO,
MM,MHT,NBL,NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZOMIN,ZOMBI,ZONBO, ZOMOUT,
RONIN, ROMBI, ROMBO, ROMOUT, ZHIN,ZTIN,ZHOUT, ZTOUT, RHIN,RTIN,RHOUT,
RTOUT,TITLET (20) ,ZHUB (50) ,RHUB (57) ,ZTIP(50),RTIP (57),SFIN(59),
RADIN(50),TIP(50),PRIP(50),LANIN (50),VTHIN(50) ,SPOUT(57),
RADOUT (50) , PROP (50) , LOSOUT (50) ,LAMOUT (5C) , VTHOOT (50) ,
BETALE (50) ,BETATE (50) ,ZHST (50) , ZTST (50) , RHST (50) ,RTST(50) ,
FLFR(50) ,PERCRD(50) ,PERLOS (5C) ,ZBL(50,50) ,RBL(59,50),

WD dNNEWN -
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ZLE(SO),RLE(SC),ZTE(SC),PTE(SC),ZLFOM(101),RLEOH(101),
SLEOM(101),THLEOM(101),ZTEOM(101),RTEOM(101),STEOH(101),
THTEOM (101) ,TLE(101) , ITE(101) ,20M (100,101) ,ROM (100, 101) ,
SOM (100,101),TOM(109,101) ,BTH (100,101) ,DTHDS (100,101),
DTHDT(1OO,1O1),PLOSS(1CO,1F1),CPHI(1OO,1C1),SPHI(1OO,101)

COHHON/VARCOH/A(Q,107,101),UOM(1“O,1O1),K(1CO,1O1),RHO(1C0,1Q1),

WSUBS (100, 121) ,WSUBT (100 ,1C1) ,WSUBZ (10C, 101) ,WSURR (100, 10 1) ,
WSUBM (100, 101) ,WTH (13, 101) , VTH(1C0,101) , W (100,101),
ALPHA (10C,101) ,BETA (1CC, 101) , WWCR (100, 10 1) ,CURV (100, 101),
WLSURF (100,101) ,WTSURF(1C",101) ,CAMP (100, 101) ,SAMP (100, 10 1),
RHOAV (100, 101) ,DELRHO(100,101) ,FT(100,101) ,DFDM (101,101,
XIOM (100,101),2ZETOM (100, 1¢1) , DLDU (100, 101)

REAL K,LMAX,LMIN

C--AFTER PIRST TITERATION, JUST SOLVE EQUATTION BY SOR

C

o

IF (ITER.GT.1) GO TO 70

C--FIRST ITERATION ONLY, CALCULATE OPTIMUM ORF

o

C--SET BOUNDARY VALUES TO ZERO, AND INTERIOR VALUFS TO ONE

10

20
C

DO 1¢ I=1,MM
UOM(I,T1) = 0.
UOM(I,MHTP1) = 0.
DO 20 J=2,MHT
DO 20 I=1,MHM
uom(r,d) = 1.

C--CALCUOLATE OPTIMUM ORF

30

40

C

OBRFMAX = 2,0
ICOUNT = 0
LMAX = 0,
LMIN = 1,

ORF = ORFMAX
ICOUNT = ICOUNT+1

DO 40 J=2,MHT

DO 40 I=1,MNM

UNEW = A(1,I,J)*UCM(I,J-1)+A(2,1,J)*00M(I,J+1)

IF (I.NE.1) UNEW=UNEW+A(3,I,J)*UOM(I-1,J)

IF (I.NE.MM) UNEW=UNEW+A(4,T,J) *UOM(I+1,J)

RATIO = UNEW/UOM(I,J)

LMAX = AMAX1(LMAX,RATIO)

LMIN = AMIN1(LMIN,RATIO)

UOM (I,J) = UNEW

IF (LMAX.GT.1.) LMAX=1.

ORFMAX = 2./(1.+SQRT (1.-LMAX))

ORFMIN = 2./(1.+SQRT(1.-LMIN))

IF ((ORFMAX-ORFMIN).GT. (2.-ORFMAX).OR. (ORF-ORFMAX).GT.0.0005)
160 TO 30

ORF = ORFMAX

WRITE (NWRIT,1000) ORF

C--RESTORE U BOUNDARY VALUE AT SHROUD

50
C

DO 50 I=1,MN
UOM (I, MHTP1) = 1.

C--SOLVE MATRIX EQUATICN BY SOR

THBL (50,50) ,TNBL(50,50) ,TTBL (57,50) , TH1BL (50,50) , TH2BL (50, 5")
COMMON/CALCON/MMM1,MHTP1,CP, EXPON,TGROG,PITCH,RLEH, RLET,RTEH, RTET,
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8¢C

1060

o

C--LO5S0M COMPUTES THE RATIO OF ACTUAL TO IDEAL RELATIVE TOTAL PRESSORE
C--AT THE DOWNSTREAM INPUT STATION,

C-~-TH
Cc

138

ERROR = 0,
DO 83 J=2,MHT
DO 80 TI=1,MM

CHANGE = A(1,I,J)*UOM(I,J-1)+A(2,I,J)*1T0OM(T,J+1)+K(I,J)-004(I,J)

TF {I.NE.7) CHANGE=CHANGE+RA (3,I,J)*U0ONM(T-1,J)

IF (I.NE.MM) CHANGE=CHANGE+A(4,T,J) *OCH (T+1,J)

CHANGE = ORF*CHANGE

ERROR = AMAX1(ERROR,ABS (CHANGE))

OOM(I,J) = UOM(I,J) +CHANGE

IF(ERROR.GT.1.E-5) GO TO 70

RETURN

FORMAT (//5X,U4CHCALCULATED OVERRELAYXATION FACTOR (ORF) =,F7,3)
END

SUBROUTINE LOSSOM

E ORTHOGONAL MESH AS SPECIFIED BY THE INPUT

COMMON NREAD,NWRIT,ITER,IEND,NWRT1,NWRT2,NKPRT3,NWRT4,NWHRT5,NWRTH
COMMON/INPUTT /GAM,AR,MSFL,OMNEGA, REDFAC, VELTOL, FNEW, DNFW, MBI, MBO,

MM,MHT,NBL, NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLTINE,
ISTATL, IPLOT,ISUPER,ITSON, IDERUG,ZOMIN,ZOMBTY,Z0MBO,Z0NMOUT,

RADIN (50),TIP(57) ,PRTP(57),LAMIN (57),VTHIN(50),SFOUT (50},
RADOUDT (50), PROP (5C) ,LOSOUT (53) ,LAMOUT (50) , VTHOUT (59) ,
BETALE(50) ,BETATE(50) ,2HST (57),2ZTST (59) ,RAST (50) ,RTST(59),
FLFR(5C) ,PERCRD(5%) ,PERLOS (50) ,ZBL(50,50), RBL (57,50},

- OV NN E N -

ZLE(5%) ,RLE (50) , 2TE (50) ,RTE(5C) , ZLEOM (10 1) , RLEOM (17 1),
SLEOM (1C1) , THLEOM (101) ,ZTEOM (101) ,RTEOM (101) ,STEOM (101) ,
THTEOM (101) ,ILE(101) ,ITE (101) ,Z0M (100, 1C1),ROM (100,101},
SOM(100,101), TOM (100,101) ,BTH (100,12 1), DTHDS (107, 101) ,
DTHDT (100, 101) , PLOSS (100, 161) ,CPHI(100,191) ,SPHI (129,19 1)

U & W DN -

COMMON/VARCOM/A (4,1060,101) ,U00M(100,171) ,K{1C0,101),RHO (100,171},

WSUBS (100,101),WSUBT (100,101) ,WSUBZ (10C, 101) ,WSURR (10r, 101),
WSUBM (107, 101) ,WTH (100,171}, VTH(100,101) ,W(1CJ,101),
ALPHA (100,101) ,BETA (100, 1G1) ,WHCR (100, 101) ,CURV (102, 101},
WLSURF (100,101) ,WTSURF(100,101) ,CAMP (100,101) ,SAMP (107, 101),
RHOAV (100, 101) ,DELRHO (100, 121) ,FT (100, 101) , DFDM (100, 101y,
XIOM(1CC,121),ZETOM (100, 101) ,DLDU(10C,101)

COMMON/ROTATN/ZHROT (50) , RHROT (50) ,ZTROT (5C) , RTROT (50) ,

1 ZLEOMR(1C1) ,RLEOMR (171) ,2TEOMR (101) ,RTEONR(101),

2 2ZBLROT(50,50) ,RBLROT(5C,5C),20MROT(100,101) ,ROMROT (100, 191)

DIMENSION ZTEMR (2) ,RTEMR(2) ,SOMIN(101),SOMOUT (101)

REAL LAMDAF,LOSOUT

I1 = 1

12 = mM

RFAC2 = REDFAC**2

NS E WD

AND THEN DISTRIBUTES THIS LOSS ON

ROMIN,ROMBI,ROMBC, ROMOUT,ZHIN,ZTIN,ZHOUT, ZTOUT, RHIN, RTIN, RHOUT,
RTOUT,TITLEI(20),ZHUB(50),RHUB(50) ,ZTIP(5%) ,RTIP(50) ,SFIN(5"),

THBL (50,50) , TNBL (59,50} ,TTBL (50,50) , TH1BL (50, 5C) ,TH2BL (50, 50)
COMMON/CALCON/MMM1,MHTP1,CP, EXPON, TGROG,PITCH,RLEH,RLET,RTEH,RTET,



C--REINITIALIZE LAMDAF AND RVTHTA FOR INCOMPRESSIRLE CASE
C

IF (GAM.NE.0.) GO TO 5

IF (LAMVT.EQ.0.AND.LSFR.EQ.C) RETURN

CALL LAMNIT

IF (MBI.NE.0) CALL RVTNIT

RETURN
C
C--REINITIALIZE LAMDAF, RVTHTA, TIPF, AND RHOIPF
C
5 IF (LAMVT.EQ.0.AND.LSFR.EQ.7) GO TO 10
CALL LAMNIT
CALL TIPNIT
CALL RHINIT
IP (MBI.NE.O) CALL RVINIT
GO TO 10
C
C--ENTRY POINT TO UPDATE PLOSS FOR TVELCY
C
ENTRY LOSSTV(II)
IF (GAM.EQ.0.) RETURNW
11 = IT
I2 = 11
RFAC2 = 1,
C

C--CALCULATE LOSOUT ON DOWNSTREAM INPUT BOUNDARY, IF NOT GIVEN AS INPUT
10 IF (LTPL.EQ.1) GG TO 39
IF (I1.NE.1) GO TO 30
ILOS = 0
DO 20 JN=1,NOUT
TINP = TIPF (SFOUT(JN))
TOP = TINP-OMEGA/CP* (LAMDAF (SFOUT (JN),ILE(1), 1) -RVTHTA (SFOUT (JN),
1ILE(1),1)) /RFAC2
PRINP = RHOIPF (SFOUT (JN))*AR*TIND
LOSOUT (JN) = 1,-PROP(JN) /PRINP* (TINP/TOP) ** (GAM*EXPON)
20 IF (LOSOUT(JN).LT.-.(01) ILOS=1
IF (ILOS.EQ.1) WRITE (NWRIT,1020)
30 IF (ITER.GT.1) GO TO 35
IF (LTPL.EQ.N) WRITE(NWRIT,1000) (JN,LOSOOT (JN),JIN=1,NOUT)
WRITE (NWRIT,1010) (J,ILE(J),ITE(J),J=1,MHTP1)
C
C-~-DISTRIBUTE TOTAL PRESSURE LOSS AT POINTS OF ORTHOGONAL MESH
C
35 CALL SPLINT(SPOUT,LOSOYT,NOUT,A.,1,TEMP,TEMP1,TENP2)
DO 40 J=1,MHTP1
DO 40 I=11,1I2
4C CALL SPLENT (UOM(I,J),1,PLOSS(I,J),TEMP1,TEMP2)
IF(MBI.EQ.0.0R.NLOSS.GT.0) GO TO 60
C--WITH BLADES, AND LINEAR DISTRIBUTION OF LOSS WITHIN BLADES
DO S0 J=1,MHTP1
SLENTH = STEOM(J)-SLEOM (J)
DO 50 I=I1,12
PC = (SOM(I,J)-SLEOM(J))/SLENTH
50 PLOSS(I,J) = AMINT(1.,AMAX1(0.,PC))*PLOSS(I,J)
RETORN
C--NO BLADES, OR INPUT DISTRIBUTION OF LOSS, CALCULATE SOMOUT
60 IF(ITER.GT.1) GO TO B5
CAN = COS (ANGROT)
SAN = SIN{ANGROT)
ZTEMR (1) = ZHOUT*CAN+RHOUT*SAN
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RTEMR (1) RHOUT*CAN-ZHOUT*SAN
ZTEMR (2) ZTOUT*CAN+RTOUT*SAN
RTEMR (2) RTOUT*CAN-ZTOUT*SAN
po 80 J=1,MHTP1
CALL INRSCT (ZOMROT(1,J) ,ROMROT(1,J) ,MN,ZTEMR,RTEMR,2,2I%,RIR)
po 70 1=2,MM
IF (ZIR.LE.ZOMROT({I,J)) GO TO 80
7C CONTINUE
I = MM+
80 SOMOUT(J) = SOM(I-1,J)+SQRT ((ZIR-ZOMROT (I-1,J)) *%2+
1 (RIR-ROMROT (I-1,3)) **2)
85 IF(MBI.EQ.C) GO TO 1C0
C--WITH BLADES, AND INPOUT DISTRIBUTION OF LOSS WITHIN BLADES, AND LINEAR
C--DISTRIBUTION CF LOSS FROM TRAILING EDGE TO DOWNSTREAM INPUT STATION
CALL SPLINT (PERCRD,PERLOS,NLOSS,d.,1,PERLS,TEMP1,TENP2)
DELPL = 1,-PERLOS (NLOSS)
DO 90 J=1,MHTP1

SLENTH = STEOM (J)-SLEOM (J)
DELPCO = DELPL/(SOMOUT (J)-STEOM(J))
PERLS = 0,

DO 9C I=I1,1I2
IF (I.LT.ILE(J)) GO TO 90
IF (I.LE.ITE(J)) PC=(SOM(T,J)-SLEOM(J))/SLENTH
IF (I.LE.ITE(J)) CALL SPLENT(PC,1,PERLS,TEMP1,TEMP2)
IF (I.GT.ITE(J)) PERLS=PERLOS (NLOSS) +{SOM(I,J)-STEOM(J)) *DELPCO
IF (PERLS.GT.1.0) PERLS=1.,0

90 PLOSS(I,J) = PERLS*PLOSS (I,J)
RETURN

C--NO BLADES, CALCULATE SOMIN
10C IF(ITER.GT.1) GO TO 135

ZTEMR (1) = ZHIN*CAN+RHIN*SAN
RTEMR (1) = RHIN*CAN-ZHIN*SAN
ZTEMR (2) = ZTIN*CAN+RTIN*SAN
RTEMR(2) = RTIN*CAN-ZTIN*SAN

DO 130 J=1,MHTP1
CALL INRSCT (ZOMROT(1,J),ROMROT (1,J) ,MM,ZTEMR, RTEMR, 2,Z2TR,R IR)
DO 110 I=1,MM
IF (ZIR.LE.ZOMRCT(I,J)) GO TO 129
110 CONTINUE
120 IF (I.EQ.1) SOMIN(J)=17.
130 IF (I.NE.7) SOMIN(J)=SOM(I-1,J)+SQRT((ZIR-ZOMROT (I-1,J)) **2+
1(RIR-ROMROT (I-1,J)) **2)
C--NO BLADES, AND LINEAR OR INPUT DISTRIBUTION OF LOSS FROM
C--UPSTREAM TO DOWNSTREAM INPUT STATIONS
135 IF (NLOSS.GT.0) CALL SPLINT (PERCRD,PERLOS,NLOSS,0.,1,PERLS,
1TEMP1,TEMP2)
DO 140 J=1,MHTP1
SLENTH = SOMOUT (J) -SOMIN (J)
DO 140 I=I1,I2
PC = (SOM(I,J)-SOMIN(J))/SLENTH
PERLS = PC
IF (NLOSS.GT.N) CALL SPLENT(PC,?1,PERLS,TEMP1,TEMP2)
IF (PC.LE.0.) PERLS=0.
IF (PC.GE.1.) PERLS=1,
140 PLOSS(I,J) = PERLS*PLOSS (I,J)
RETURN
1000 FORMAT (//5X,31HINITIAL CALCULATED LOSOUT ARRAY/10X,2HJN,6X,6HLOSO
10T/ (9%X,12,3X,F10.6))
101C FORMAT (//5X,29HCALCULATED ILE AND ITE ARRAYS/10X,1HJ,5X,3HILE,3X,

140




134ITE/(9%X,I2,4X%X,13,3X,I3))
1020 FORMAT (1H1,5X,82HINPUT PROP VALUES ARE LARGER THAN IDEAL TOTAL PR
1ESSURE, RESULTING IN NRGATIVE LOSS)
END
+d

SUBROUTINE NEWRHO

c

C--NEWRHO CALCULATES VELOCITY COMPONENTS, VELOCITY MAGNTITUDE,

C--AND NEW DENSITY AT EACH MESH POINT -

o

COMMON NREAD, NWRIT, ITER, IEND,NWRT], NWRT2,NWRT3,NWRT4 ,NWRTS ,HHRTH

COMMON/INDUTT /GAM,AR,HSFI,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, MBO,
MM, MHT, NBL, NHUB,NTIP,NIN,NOUT,NBLPL,NPPP, NOSTAT,NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN, ANGROT, IMESH, ISLINE,
ISTATL,IPLOT, ISUPER, ITSON, IDEBUG,ZOMIN,ZOMBI, Z0MB0O, ZOMOUT,
ROMIN, ROMBI , ROMBO, ROMOUT, ZHIN,ZTIN,ZHOUT,ZTOUT, RHIN,RTIN,RHOUT,
RTOUT,TITLEI (20) ,ZHUB (50) ,RHUB(50) ,ZTIP(50) ,RTIP (57) ,SFIN(50),
RADIN{50),TIP(50) ,PRIP(5C) ,LAMIN (50),VTHIN(50) ,SFOUT (50),
RADOUT (50) , PROP (50) , LOSOUT (50) ,LAMOUT (50) , VTHOUT (50) ,
BETALE(50) ,BETATE (59) ,2HST (50),2TST (50) , RHST {50) ,RTST (50) ,

FLFR (50) ,PERCRD (50) ,PERLOS (50) ,2BL (50,50) ,RBL(50,50),
THBL(50,50) ,TNBL(50,5C) ,TTBL(50,50) ,TH1BL (50,50) ,TH2BL (50,50)
COMMON/CALCCN/MMM1, MHTP1,CP,EXPON,TGROG, PITCH,RLEH,RLET,RTEH,RTET,

1 ZLE(5C) ,RLE (50) ,ZTE (5C) ,RTE(5C) ,ZLEOM (10 1) ,RLEON (101),

2 SLEOM(101), THLEOM (101),ZTEON (101) ,RTEOM (101) ,STEOM (101) ,

3 THTEOM(101) ,ILE(101),ITE(101),20M4(190,1C1),ROM(100,101),
uy
5

- OO E W -

som(100,101),TOM(7100,101) ,BTH (100,101) ,DTHDS (100,101),
. DTHDT(100,101) ,PLOSS (100, 101) ,CPRI(10),101),SPHI (100,101)
COMMON/VARCOM/A(4,100,101) ,008(10C,101) ,K(100,101),RHO (100,12,
WSGBS (100,101), wsusr(1oo 101),wsu32(100 101) ,WSUBR (100, 191).
WSUBM (100,101) ,WTH (100,101, VTH (100, 101),n(1r0 101y,
ALPHA (100, 101),BETA(1OO 101),uwca(1oo 191) ,CURV (100, 101),
HLSURP(100,101),HTSURF(100,101),CAHP(100,101).SAHP(100,101),
RHOAV (100,101) ,DELRHO (100,101) ,FT (100,101) ,DFDM(100,101),
XIOM(100,101) ,ZETOM (102, 101) ,DLDU (100,1701)
DIMENSION DUDS (100) ,TVYERT{101) ,UVERT(101),DUDT(101) ,TPP (101},
1 PREL (101) ,DPDT(101) ,DTDT (1C1) ,AAA(101)
REAL MSPL,LAMDAF,LAMBDA,LAMBDO
RELER = o.
RELERA = 0.
XNEW = 1.0
ZNEW = 1.0

NN EWN =

c
C--CALCULATE WSUBT PROM THE PARTIAL OF UOM WITH RESPECT TO S USING THE
C~~AVERAGE BLADE-TO-BLADE DENSITY FOR CONTINUITY
c
DO 10 J=1,HHTP1
CALL SPLINE(SOM(1,J),00M(1,J),MN,DUDS,ARD)
DO 10 I=1,8M
WSUBT(I,J) = (-DUDS(I)*MSFL/(ROM(I,J)*BTH(I,J))-
1DFDM (I,J) *DELRHO (I,J) /12.%C0S (BETA (I,J)) *SAMP (I,J)) /RHOAV (I, J)
10 CONTINUE
c
C--CALCULATE DERIVATIVES IN THE T DIRECTION OF THE SAME VARIABLES, AND
C--CALCULATE NEW VELOCITIES AND NEW DENSITY
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20

30

35
42

IREL
JREL
ICOUNT 0

DO 4O TI=1,MM -

po 20 J=1,MHTP1

TVERT (J) = TOM(I,J)

UVERT (J) = UONM({I,J)

CALL SPLINE(TVERT,UVERT,MHTP1,DUDT,AAA)

DO 30 J=1,MHTP1

WSURS (I,J) = (DUDT(J)*MSFL/ (ROM(I,J)*BTH(I,J))-
1DFDH(I,J)*DELRHO(I,J)/12.*COS(BETA(I,J))*CAMP(I,J))/RHOAV(I,J)
WTH(I,J) = ROM (I,J)* (¥SUBS (I,J)*DTHDS (I,J)+WSUBT (I, J) *DTHDT(T,J))
OMR = OMEGA*ROM(I,J)

LAMBDA = LAMDAF(UOM(I,J),I,J)

LAMBDO = RVTHTA (UOM(I,J),I,J)

IF (I.LT.ILE(J)) WTH(I,J)=LAMBDA/ROM(I,J)-OMR

IF (I.GT.ITE(J)) WTH(I,J)=LAMBDO/ROM(I,J)-OMR

VTH (I,J) = WTH(I,J) +OMR

WSQ = WTH(I,J) *%*24WSUBS (I,J) **2+WSUBT (I,J) **2
WTEMP = SQRT(WSQ)

FRR = 0.

IF (W(I,J).NE.C.) ERR=ABS({(WTEMP-W({I,J))/W(I,J))
RELER = AMAX1 (RELER,ERR)

IF (RELER.EQ.ERR) IREL = I

IF (RELER.EQ.ERR) JREL = J

IF (ERR.GE.VELTOL) ICOUNT=ICOUNT+#1

RELERA = RELERA+ERR

W(I,J) = WTEMP

IF (GAM.EQ.0.) GO TO 30

TIPT = TIPF (GOM(I,J))

RHOIP = RHOTPF(UOM(I,J))*(1.-PLOSS(I,J))

TPP(J) = TIPT-(2.%OMEGA*LAMBDA-OMR**2)/CP/2.

1F (TPP(J).LT.0.) GO TO 60

PREL (J) = RHOIP*AR*TIPT* (TPP (J) /TIPT) ** (GAM*EXPON)
TTIP = (TPP(J)-®WSQ/CP/2.)/TIPT

IF (TTIP.LT.0.) GO TO 50

RHO(T,J) = RHOIP*TTIP**EXPON

CONTINUE

IF (GAM.EQ.0.) GO TO 40

CALL SLOPES (TVERT,TPP,MHTP1,DTDT)

CALL SLOPES(TVERT,PREL, MHTP1,DPDT)

DO 35 J=1,MHTP1

XIOMT = (AR/PREL (J)*DPDT (J) /CP-DTDT (J) /TPP(J)) /2.
ZETOMT = OMEGA**2%ROM (I,J)*CPHI(I,J)-AR/PREL (J) *TPP (J) *DPDT (J)
XIOM (I,J) = XNEWXXIOMT+ (1.-XNEW) *XIOM(I,J)

ZETOM(I,J) = ZNEW*ZETOMT+(1.-ZNEW)*ZETOM(I,J)

CONTINUE

RELERA = RELERA/PLOAT (MM*MHTP1)

IF (ITER.GT.1) WRITE(NWRIT,1727) RELER,IREL,JREL,RELERA,ICOUNT

o

1
1

C
C--ADJUST PRINTING CONTROL VARIABLES

c
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IF {RELER.GE.VELTOL) RETURN
IF (RELER.EQ.Q.) RETURN
TEND = IEND+1

IF (IMESH.GT.1) IMESH=1

IF (ISLINE.GT.1) ISLIKNE=]
IF (ISTATL.GT.1) ISTATL=1
IF (IPLOT.GT.1) IPLOT=1



IF (ITSON.GT.1) ITSON=1
IF (IDEBUG.GT.1) IDEBUG=1
RETURN

5C WRITE(NWRIT,1000)
STop

62 WRITE(NWRIT,101%)
STOP

100C FORMAT(////68H PROGRAM STOPPEﬁ IN NEWRHO DUE TO EXCESSIVE STREAM F

TUNCTION GRADIENT)

1010 FORMAT(////614 THE UPSTREAM INPUT WHIRL OR TANGENTIAL VELNOCITY IS

1TO0 LARGE)

1020 FORMAT(/ SX,37HMAXIMUM RELATIVE CHANGE IN VELOCITY =,611.4,

184 AT I =,13,5H, J =,I13/5X,37HAVERAGE RELATIVFE CHANGE IN VELOCITY

2 =,611.4/5X,37TUNUMBER OF UNCONVERGED MESH POINTS =,T15)
END

SUBROUTINE OUTPUT
C
C--0UTPUT CALCULATES AND PRINTS THF MAJOR OUTPNT DATA
C--AT THE ORTHOGONAL MESH POINTS, ALONG THE STREAMLINES,
C--AND ALONG STATION LINES FROM HUB TO SHROUD
C

COMMON NREAD,NWRIT,ITER,IEND,NWRT1,NHRT2,NHRT3,NwRTu,NuRTG,anTe
COHHON/INPUTT/GAH,hR,MSFL,OMRGA,REDFAC.VELTOL,FNEH,DNEW,MBI,MBO,

LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT,IHESH,ISLINE,

RADOUT(SO),PROP(SA),LOSOWT(SC),LAMOUT(Sn),VTHOUT(SO),

FLFR(SD),pERCRD(SO),pERLOS(Sn),ZBL(SO,SO),RBL(SO,SG),

= OV NdPNE WN -

ZLE(SO),RLE(SO),ZTE(SC),RTE(SQ),ZLEOM(101),RLE0M(1”1),

son(100,101),Ton(1oo,1e1),BTH(133,101),DTHDS(100,101),
DTHDT (100,1C1),PLOSS (102,101) ,CPHI (100,10 1), SPHT (130, 1

VT & W -

HH,MHT,NBL,NHUB,NTIP,NIN,NOUT,NBLPL,NPPP,NOSTAT,NSL,NLOSS,

ISTATL, TPLOT, ISUPFR, ITSON, TDEBUG, Z0MIN,ZOMBI, ZONBO, ZOMOUT,
ROMIN,ROMBI,ROMBO,ROMOUT,ZHIN,ZTIN,ZHOUT,ZTOUT,RHIN,RTIN,RHOUT,
RTOUT,TITLEI(ZC),ZHUB(SC),RHUB(S‘),ZTIP(EC),RTIP(SO),SFIN(“O),
RADIN(SO),TIP(SO),PRIP(SO),LAMIN(S“),VTHIN(SO),SFOHT(SA),

BETALE(SO),BETATE(SO),ZHST(SG),ZTST(SO),RHST(SF),RTST(SO),

THBL(SO,SO),TNBL(SO,RC),TTnL(Sﬂ,SO),TH1BL(50,50),TnzaL(so,ﬁn)
COHHON/CALCCN/HHM1,HHTP1,CP,EXPON,TGROG,PITCH,RLEH,RLBT,RTEH,RTET,

SLEOH (101) , THLEOM (121) , 2TEOM (101) ,RTEOM (101) , STEOM (111) ,
THTEOM (1C1) ,ILE(101) , ITE(107) ,208(10C, 101) ,ROM (100, 101)

11)

COHMON/VARCOH/A(u,100,101),UOM(100,161),K(100,101),RHO(1OO,1P1),

HSUBH(100,101),WTH(100,101),vTH(1Ga,1o1),W(1on,1n1),
ALPHA(100,1“1),BETA(100,101),HWCR(10”,101),CURV(100,1O
WLSURF(100,101),WTSURF(10C,101),CAHP(1OC,101),SAHP(1OO
RHOAV(100,101),DELRH0(100;101),FT(100,101),DFDM(100,13
XIOM (100,101) ,ZETOM (100,1C 1), DLDU (106,10 1)
couuou/SLcon/ILS(SO),ITS(SG),ZSL(100,50),RSL(100,50),M5L(
1 HZSL(100,50),WRSL(100,SO),WHSL(100,50),WTHSL(100,SO),
2 ALPSL(100,50),BETSL(100,50),W5L(100,50),WWCRSL(100,50)
3 CURVSL (1C0,50) ,WLSSL(110,50) , WTSSL (100,50)
COHHON/ROTATN/ZHROT(SO),EHROT(SO),ZTROT(SO),RTROT(SO),
1 ZLEOMR(101) ,RLEOMR (101) , ZTEOMR (171) ,RTEOMR (101) ,

YN & WK

2 ZBLROT(50,50),RBLROT(SO,SO),ZOMROT(100,1C1),ROMROT(1OC

DIMENSION 2ST(50) 4RST(57) ,MST(50) ,WZST (50), WRST (50) , WMST

#SUBS (100, 101) ,WSUBT (166, 121) ,WSUBZ (100, 101) , NSOBR (100, 101) ,

1),
101,
1.,

100,50y,

. 101)
50),
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1 WTHST(50),ALPST(50) ,BETST(50) ,WST(57) ,WWNCRST (50) ,CURVST (5"),
2 WLSST(50),WISST(5C),PLOST(50),VTHST(50),VST(50),BEABST(57),
3 PST(590),TST(50),RHOST (50) ,PPST(50),TPST(50) ,PPPST(59),TPPST (50)
DIMENSION DALDS (107),TVERT(1C1) ,ALVERT({101) ,DALVER(191),
1  ZTEM(101),RTEM(101) ,UTEM (1C1) ,ZSLTEN(5C) ,RSLTEM(50),
2 AAA(101),BBB(101) ,WZFSEX (101) ,WRFSEX (101) ,BTFSEX (171),
3 DALDT(100,101),CHOMES (2,100) ,ALTEM(100),BETEM (130) ,CHOK (2)
DATA CHOMES/20C%*¢ '/,CHOK/' CH','OKED'/,BLNK/"' '/, NCHOK/D/
REAL LAMDAF,LAMBDA,MSL,MST, MTEM
c
C--CALCOLATE VELOCITY COMPONENTS AND FLOW ANGLES ON ORTHOGONAL MESH
o
DEGRAD = 180./3.1415927
DO 10 J=1,MHTP1
DO 10 I=1,MHM
WSUBM (I,J) = SQRT(WSUBS (I,J) **2+WSUBT (I,J)**2)
SAMP(I,J) = WSUBT(I,J)/WSUBM(T,J)
CAMP (I,J) = WSUBS(I,J)/WSUBM(I,J)
WSUBZ (I,J) WSUBS (I,J)*CPHI (I,J)-WSUBT (I, J) *SPHI (I,J)
WSUBR (I,J) WSUBT (I,J) *CPHI (I,J) +WSUBS (I,J) *SPHI(I,J)
ALPHA (T,J) ATAN2 (WSUBR (I, J),WSUBZ (I,J))
10 BETA(I,J) = ATAN2(WTH(T,J),WSUBM(I,J))
GO TO 30

HoHH

ENTRY TOUTPT

C--CALCULATE VELOCITY COMPONENTS ON MESH, AFTER TRANSONIC SOLUTTION
Cc
DO 20 J=1,MHTP1
DO 20 I=1,MN
WSUBM (I,J) = W(I,J)*COS(RETA(I,J))
WTH(I,J) = W(I,J)*SIN(BETA(I,J))
WSUBZ (I,J) = WSUBM(I,J)*COS (ALPHA(I,J))
WSUBR (I,J) = WSUBM(I,J)*SIN (ALPHA(T,J))
20 VTH(I,J) = WTH(I,J) +OMEGA*ROM(I,J)

C
C--COMPUTE BLADE SURPACE VELOCITIES
o
30 CALL BLDVEL
C

C--STORE 'CHOKFD' MESSAGE FOR APPROPRIATE VERTICAL ORTHOGONAL
C--MESH LINES

C
NCHOK = 0
po 25 I=1,MNM
IF (UOM(I,MHTP1).GT.C.9999) GO TO 25
NCHOK = NCHOK+1
CHOMES (1,I) = CHOK(1)
CHOMES (2,1I) = CHOK(2)

25 CONTINUE
C -

C--CALCULATE STREAMLINE CURVATURE AND CRITICAL VELOCITY RATIO ON MESH
C
po 50 I=1,MN
po 40 J=1,MHTP1
TVERT (J) = TOM(I,J)
40 ALVERT (J) = ALPHA(I,J)
CALL SLOPES {(TVERT,ALVERT,MHTP1,DALVER)
Do S50 J=1,MHTP1
50 DALDT({I,J) = DALVER(J)
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DO 60 J=1,MHTP1
CALL SLOPES(S50M(1,J) ,ALPHA(1,J),44,DALDS)
DO 60 I=1,HNM
CURV (T,J) = DALDS(I)*CAMP(I,J)+DALDT(I,J)*SAMP(I,J)
IF (GAM.EQ.C.) GC TO 60
TDPP = TTPF (UOM (I,J)) - (2.%OMEGA*LAMDAF (JOM (I,J),1,J) - (OMEGA*
TROM (I,J)) *%2) /2, /CP
IF (TPP.LE.C.) TPP=1,
WWCR(I,J) = W(I,J)/SORT(TGROG*TPD)
60 CONTINUE
C
C--CHECK PRINT AND PLOT INDICATORS TO SEE IF QUTPUT CALCULATTONS
C-~SHOULD BE MADF
c
IF (IMESH.LE.O0) GO TO 32
IF ((ITER/IMESH) *IMESH.EQ.ITER.OR.ITER.EQ.1) GO Tn 38
32 IF (ISLINE.LE.?) GO TO 33
IF ((ITER/ISLINE)*ISLINE,EQ.ITER.OR.ITER.EQ.1) GO TO 38.
33 IF (ISTATL.LE.Q) GO TO 34
IF ((ITER/ISTATL)*ISTATL.EQ,ITER.OR.ITER.EQ.1) GO TO 38
34 IF (IPLOT.LE.D) GO TO 35
IF ((ITER/TPLOT)*IPLOT,EQ.TITER,OR,ITER.%0.1) GO TO 38
35 IF (ITSON.LE.?) RETURN
IF ((ITER/ITSON)*ITSON.NE.ITER) RETURN
38 IF (MBI.EQ.f) GO TO 87
c
C--CHECK IF UPPER OR LOWER SURFACE IS SUCTION SURFACE
C
REVERS = 9.0
IF ((LAMDAF(.5,ILE(1),1) -RVTHTA(.5,ILE(1),1)).GT.".) GO TO 8N
REVERS = 1.0
DO 70 J=1,MHTP1
DO 70 I=1,MM
WDUM = WLSURF (I,J)
WLSURF(I,J) = WTSURF(I,J)
7C WTSURF(I,J) = WDUM
c _
C-~PRINT OUTPUT ROW BY ROW FROM HUB TO TTIP ON ORTHOGONAL MESH
C
80 IF (IMESH.LE.O0) GO TO 160
IF ((ITER/IMESH) *IMESH,NE. ITER.AND.ITERP.NE. 1) GO TO 107
WRITE (NWRT1,1000)
IF (REDFAC.LT.71.0) WRITE(NWRT1,115)) ITER
IF (REDFAC.EQ.1.0.AND.IEND.LE.C) WRITE(NWRT1,116") ITFR
IF (REDFAC.EQ.1,0.AND.IEND.GE.1.AND.ISUPER.LE. 1) WRITE(NRRT1,1177)
IF (REDFAC.EQ.1.0,AND.TEND.GE.1.AND.ISUPER.FQ.2) WRITE (NWRT1, 11R))
DO 90 J=1,MHTP1
WRITE (NWRT1,1010) J
WRITE (NWRT1,1020)
DO 90 I=1,MM
PHI = ATAN2(SPHI(I,J),CPHI(I,J)) *DEGRAD
ALPHIJ = ALPHA (I,J)*DEGRAD
BETAIJ = BETA(I,J)*DEGRAD )

90 WRITE (NWRT1,1C30) 1,J,20M(1,J),ROM(I,J),U0M(I,J),WSUBRM(I,T),
1HTH(I,J),H(I,J),HHCR(I,J),ALPHIJ,BETAIJ,PHI,CHOHES(1,I),
2CHOMES (2,1)

c
C--CALCULATION OF OUTPUT DATA ON STREAMLINES
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1,0 IF (ISLINE.LE.C) GO TO 112
TF ((ITER/ISLINE)*ISLINE,EQ.ITER,OR.ITER.EQ.1) GO TO 130
11 IF (IPLOT.LE.C) GO TO 120
TF ({ITER/IPLOT)*IPLOT.EQ.ITER,OR.ITER.EQ.1) GO TO 139
120 IF (ITSON.LE.C) GO TO 22C
IF ({ITER/ITSON)*ITSON,NE.ITER) GC TO 220
C
C--CALCULATE STREAMLINE ZSL,RSL COORDINATES FCR PRINT OUT
13 DO 159 I=1,HM
DO 142 J=1,MHTP?
ZTEM(J) = ZOMROT(I,J)
RTEN (J) ROMROT (I,Jd)
14C UTEY(J) UoM(T1,J)
_ CALL SPLINT (ITEM,RTEM,MHTP1,FLFR,NSL,RSLTEN,AAA,BBB)
CALL SPLINT (RTLM,ZTEM,MHTP1,RSLTEM,NSL,ZSLTFM,ARAA,BEB)
DD 15¢ Js=1,NSL
2SL(I,JdS) ZSLTEM (J5)
15 RSL({I,JS) RSLTEM(JS)

0ot

no

C
C--CALCULATE STREAMLINE MSL COORDINATES FOR PRINT OUT AND PLOTTING
pO 160 JS=1,NSL
MSL(1,JS5) = 0.
DO 16C IS=2,MM
167 MSL(IS,JS) = MSL{IS-1,JS)+SORT((2SL(IS,JS5)-ZSL(IS-1,J5))**2
14+ (RSL(IS,JS)-RSL(IS-1,JS)) **2)

C
C--INTERPOLATE TO OBTAIN OUTPUT DATA ON STREAMLINES
C

I1 = 1

JJ = 1

DO 180 J5=1,NSL
DO 180 IS=1,MM
CALL LININT (ZOMROT,ROMROT,WSUBZ,MM, MHTP1,105,101,2ZSL{IS,JS),
1RSL(IS,JS) ,WZSL(IS,JS),11,3d)
CALL LININT (ZOMROT,ROMROT,WSUBR,MM, MHTP1,100,101,2SL(IS,JS),
1RSL (I5,J5) ,¥RSL(IS,JS),11,JJ)
CALL LININT (ZOMROT,ROMROT,WTH,MM,MHTP1,100,101,2S5L(IS,JS),
1RSL (IS,JS) ,NTHSL(IS,JS),11,d0)
CALL LININT (ZOMROT,ROMROT,WWCR, M, MHTP1,100,101,ZSL(IS,JS),
1RSL (IS,JS) , WHCRSL(IS,JS) ,I1,JJ) -
CALL LININT (ZOMROT,ROMROT,CURV,MM , MHTP1,1CC,101,25L(IS,JS),
1RSL (1S,JS5) ,CURVSL (IS,JS),I1,dd)
WMSL (I5,JS) = SQRT(WZSL(IS,JS)**2+WRSL(IS,JS) **2)
MLPSL{IS,JS) = ATAN2 (WRSL(IS,JS),WZSL{IS,JS))
BETSL(IS,JS) = ATAN2 (WTHSL(IS,JS),WMSL(IS,JS))
180 WSL (IS, JS) = SQRT (WMSL (IS,JS)**2+WTHSL(IS,JS)**2)
c
C--CALCULATE TLS AND ITS ARRAYS OF STREAMLINE LOCATIONS INSIDE BLADE
C--LEADING AND TRAILING EDGES
IF (MBI.EQ.0) GO TO 185
CALL ILETE
o
C--INTERPOLATION FOR BLADE SURFACE VELOCITIES ON STREAMLINES
185 DO 190 JS=1,NSL
PO 190 15=1,MM
WLSSL(IS,JS) = 0.
190 WTSSL(IS,JS) = 0.
IF (MBI.EQ.0) GO TO 205
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IT 1

JJd 1

DO 200 JS=1,NSL
ILSJ = ILS(JS)

ITSJ = ITS (J35)

DO 200 IS=ILSJ,ITSJ

[T}

CALL LININT(ZOHROT,ROHROT.WLSURF,HM,MHTP1,100,101,ZSL(IS,JS),

1RSL(IS,JS),HLSSL(IS,JS),II,JJ)

200 CALL LININT(ZOHROT,ROMROT,WTSURF,HH,HHTP1,100,101,ZSL(IS,JS),

1RSL(IS,JS),WTSSL(IS,JS),II,JJ)

C

C--PRINT OUTPUT ON STREAMLINES

C

205 TF (ISLINE.LE.0) GO TO 220

IF ((ITER/ISLINE)*ISLINE.NE.ITER.AND.ITER.NE.1) GO TO 220
WRITE (NWRT2,1040)
IF (REDFAC,LT.1.0) WRITE (NWRT2,1150) ITER
IF (RBDFAC.EQ.1.0.AND.IEND.LE.O) WRITE (NWRT2,1160) ITER

IF (REDFAC.EQ.1.0.AND.IEND.GE.1.AND.ISUPER.LE.1) WRITE(NWRT2,1170)
IFP (REDFAC.EQ.1.0.AND.IEND.GE.1.AND.ISUPER.EQ.Z) WRITE (NWRT2,1189)

CALL ROTATE(-ANGROT.ZSL,RSL;HH,NSL,1CO,SO,ZSL,RSL)
DO 210 Js=1,NSL
DO 207 IS=1,MM
ALTEM (IS) = ALPSL(IS,JS)*DEGRAD
207 BETEM(IS) = BETSL (IS,JS)*DEGRAD
WRITE (NWRT2,1050) JS,FLFR(JS)
WRITE (NWRT2,1060)

210 WRITE(NWRT2,1070) (ZSL(IS,JS),RSL(IS,JS),HSL(IS,JS),HHSL(IS,JS),

1WTHSL (I5,3S) ,WSL (IS, JS) , WWCRSL(IS, JS) ,ALTEM (IS), BETEM (IS),

2CURVSL(IS,JS),WLSSL(IS,JS),HTSSL(IS,JS),CHOHES(1,IS),CHOHES(Z,IS),

315=1,MM) : o

CALL ROTATE(ANGROT,ZSL,RSL,HH,NSL,100,50,ZSL,RSL)

C

C--CALCULATION OF OUTPUT DATA CN RUB-SHROUD STATION LINES

C

220 IF (ISTATL.LE.0.OR.NOSTAT.EQ.0) GO TO 410

IF ((ITER/ISTATL)*ISTATL.NE.ITER.AND.ITER.NE.1) GO TO 410
WRITE (NWRT3,1080) o
IF (REDFAC,LT.1.0) WRITE (NWRT3,1150) ITER
IP (REDFAC.EQ.1.0.ANﬁ.IEND.LE.O) WRITE (NWRT3,1160) ITER

IF (REDFAC.EQ.1.0.AND.IEND.GE.1.AND.ISUPER.LE.1) WRITE(NWRT3,1170)
IF (REDFAC.EQ.1.0.AND.IEND.GE.1.AHD.ISUPER.EQ.Z) WRITE(NWRT3, 1180)

C

C~-CALCULATE ZST AND RST ARRAYS L o
CALL SPLINT(ZHROT,RHROT,NHUB,ZHST,NOSTAT,RHST,AAA,BBB)
CALL SPLINT(ZTROT,RTROT,NTIP,ZTST,NOSTAT.RTST,AAA,BBB)
DO 400 IL=1,NOSTAT
MARK = 1
RTEM (1) = RHST(IL)
RTEM (20) = RTST(IL)
DELR = (RTEM(20) ~-RTEM (1)) /19.0
DO 230 J=2,19

230 RTEM(J) = RTEM (J-1) +DELR

ZST (1) = ZHST({IL)
ZST (NSL) = ZTST(IL)
ZTEM(1) = ZHST(IL)
ZTEM (20) = 2TST(IL)

DELZ = (ZTEM(20) -ZTENM(1))/19.0
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C--CHECK FOR LEADING OR TRAILING EDGE STATION
IF (MBY.EQ.0) GO TO 240
DELCH = ABS (ZTEOMR(1)-ZLEOMR (1) +ZTEOMR (MRTP1) -ZLEOMR (MHTP1) ) %0, 005
IP(ABS(ZST (1) ~ZLEOMR (1)) .LT.DELCH.AND. ABS (ZST (NSL) -
1ZLEOMR (MHTP1)) .LT.DELCH) MARK=2
IF (ABS(ZST (1) ~ZTEOMR (1)) .LT.DELCH.AND.ABS (ZST (NSL) -
1ZTEOMR (MHTP1) ) . LT.DELCH) MARK=3
IP (2ST(1).GT.(ZLEOMR (1) +DELCH) .AND,2ST(1).LT. (ZTEOMR (1) -
1DELCH)) MARK=4
IF (MARK.EQ.2) GO TO 260
IF (MARK.EQ.3) GO TO 270
C--REGULAR STATION
240 DO 250 J=2,19
250 ZTEM(J) = ZTEM(J-1) +DELZ
GO TO 280
C--LEADING EDGE STATION
260 CALL SPLINT(RLE,ZLE,NBLPL,RTEM,20,ZTEM, AAA, BBB)
GO TO 280
C--TRAILING EDGE STATION
270 CALL SPLINT (RTE,ZTE,NBLPL,RTEM,20,ZTEN,AAA,BBB)
c
C--INTERPOLATE FOR STREAM FUNCTION
280 UTEM(1) = 0.
UTEM(20) = 1.
II = 1
a3 = 1
DO 290 J=2,19
290 CALL LININT (ZOMROT,ROMROT,UOM,MN,MHTP1,100,101,ZTEM(J) ,RTEN(J),
1UTEN (J) ,II,Jd)
c
C--CALCULATE STATION LINE RST COORDINATES FOR PRINT OUT
CALL SPLINT(UTEM,RTEM,20,FLFR,NSL,RST,AAA,BBB)
DELR = RST(NSL) -RST (1)
DELZ = ZST (NSL) -2ST (1)
NSLM1 = NSL-1
o
C--CALCULATE STATION LINE ZST COORDINATES FOR PRINT OUT
GO TO (300,320,330,300), MARK
300 Do 310 JL=2,NSLM1 o
310 25T(JL) = ZST(1)+(RST(JL)-RST(1))/DELR*DELZ
GO TO 340
320 CALL SPLINT (RLE,ZLE,NBLPL,RST,NSL,ZST,AAA,BBB)
GO TO 340
330 CALL SPLINT(RTE,ZTE,NBLPL,RST,NSL,ZST,AAA,BBB)
c
C--CALCULATE STATION LINE MST COORDINATES FOR PRINT OUT
340 DO 350 JL=1,NSL
350 MST(JL) = 0.
IF (ISLINE.LE.0) GO TO 370
IP ((ITER/ISLINE)*ISLINE.NE.ITER.AND.ITER.NE.1) GO TO 370
11 = 1
JJ = 1
DO 360 JL=1,NSL
360 CALL LININT(ZSL,BSL,MSL,MM,NSL,100,50,ZST(J1),RST(JL),NST (JL),
1I1,3J) ' :
o
C--INTERPOLATE TO OBTAIN OUTPUT DATA ON STATION LINES
c
370 11 = 1
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375
376

377
378

380

382

384

C--KNO
386

388

JJj = 1
IP (HARK.NE.Z.AND.HARK.NE.3) GO TO 386

IP (MARK.EQ.3) GO To 37&
DO 375 J=1,MHTP1

I = ILE(J)-1

EXFRAC = (SLEOM(J)-SOH(I,J))/(SOH(I,J)-SOH(I-1,J))
WZFSEX (J) = HSUBZ(I,J)+EXFRAC*(HSUBZ(I,J)-HSUBZ(I-1,J))

WRFSEX (J) = WSUBR(I,J)+EXFRAC*(WSUBR(I,J)-HSUBR(I-1,J))
BTPSEX (J) = BETA(I,J)+EXFRAC*(BETA(I,J)-BETA(I-1,J))
RTEM (J) = RLEOMR (J)

GO TO 378

DO 377 J=1,MHTP1
I = ITE(J)+1
EXFRAC = (SOH(I,J)-STEOH(J))/(SOH(I+1,J)-SOH(I,J))

WZFSEX (J) = WSUBZ(I,J)+EXFRAC*(USUBZ(I,J)—HSUBZ(I+1,J))
WRFSEX (J) = WSUBR(I,J)*EXFRAC*(HSUBR(I,J)-HSUBR(I41,J))
BTFSEX (J) = BETA(I,J)+EXPRAC*(BETA(I,J)-BETA(I+1,J))
RTEM(J) = RTEOQOMR (J)

JLTE = 1

DO 384 JL=1,NSL
DO 380 J=JLTE, MHT

IF (RST(JL).LE.RTEM(J+1)) GO TO 382

CONTINUE

JLTE = g

EXFRAC = (RST(JL)-RTEH(J))/(RTEH(J+1)-RTEM(J))

WZST (JL) = HZFSEX(J)+EXFRAC*(HZFSEX(J+1)-HZFSEX(J))
WRST (JL) = WRFSEX(J)+ExraAc*(uRPSEx(J¢1)—WRFSEX(J))
BETST (JL) = BTFSEX(J)+EXFRAC*(BTFSEX(J+1)-BTFSEX(J))
WMST (JL) = SORT (WZST (JL) *#2+WRST (JL) *#2)

WTHST (JL) = WMST (JL) *TAN (BETST (JL))
BETST (JL) = BETST (JL)*DEGRAD
GO TO 399

RMAL CASE OF PREESTREAM STATION, OR STATION WITHIN BLADE
DO 388 JL=1,NSL

CALL LININT(ZOHROT,ROHROT,WSUBZ,HH,HHTP1,100,101,ZST(JL), T h e
TRST (JL) , WZST (JL) ,IT,JJ)

CALL LININT(ZOHROT,ROHROT,HSUBR,HH,HHTP1,100,101,ZST(JL),

1RST(JL) ,WRST(JL) ,II,dJ)

CALL LININT(ZOHROT,ROHROT,WTH,HH,HHTP1,100,101,ZST(JL),

1RST (JL) , WTHST (JL) ,IT,JJ)

WMST (JL) = SQRT (WZST (JL) #*2+WRST (JL) %%2)

BETST (JL) = ATAN2 (WTHST (JL) ,WMST (JL) ) *DEGRAD

C--CALCULATE OTHER QUTPUT DATA ON STATION LINES

C
390

DO 392 JL=1,NSL
CALL LININT(ZOHROT,ROHROT,CURV,HH,HHTP1,100,101,ZST(JL),
1RST (JL) ,CURVST (J1),IT,Jd)

CALL LININT(ZOHROT,ROHROT,PLOSS,HH,HHTP1,100,101,ZST(JL),
1RST (JL) , PLOST (JL), II,dJ)

ALPST (JL) = ATAN2 (WRST (JL) ,WZST (JL) ) *DEGRAD

WST (JL) = SORT (WHST (JL) *%24WTHST (JL) **2)

WLSST (JL) = 0.

WTSST (JL) = 0.

IP (MARK.EQ.1) GO TO 392

CALL LININT(ZOHROT,ROHROT,HLSURF,HH,MHTP1,1CO,101,ZST(JL),
TRST (JL) ,WLSST (JL) ,IT,dd)

CALL LININT(ZOHROT,ROHROT,HTSURF,HH,HHTP1,100,101,ZST(JL),

]
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1RST (JL) , WTSST (JL) ,1I,dJ)
392 CONTINUE
CALL ROTATE (-ANGROT,ZST,RST,NSL,1,50,1,2ZST,RST)
c
C--CALCULATE EXTRA OUTPOT DATA ON STATION LINES
c
DO 396 JL=1,NSL
LAMBDA = LAMDAF (FLFR(JL) ,ILE(T),1)
OMR = OMEGA*ERST (JL)
VTHST (JL) = WTHST(JL)+OMR
VSQ = WMST (JL) **2+VTHST (JL) **2
VST (JL) = SQRT(VSQ)
BEABST (JL) = ATAN2 (VTHST (JL),WMST (JL)) *DEGRAD
IF (GAM.EQ.0.) GO TO 396
TIPT = TIPF (FLFR(JL))
RHOIP = RHOIPF(FLFR(JL))*(1.-PLOST(JL))
) TPPST(JL) = TIPT~-{2.*OMEGA*LAMBDA-OMR**2)/2./CP
) WHCRST (JL) = WST (JL) /SORT (TGROG*TPPST (JL))
RHOPP = RHOIP* (TPPST (JL)/TIPT)**EXPON
PPPST(JL) = RHOPP*ARXTPPST (JL)
TPST (JL) = TIPT+(OMR*VTHST (JL) -OMEGA*LANBDA) /CP
RHOP = RHOIP* (TPST(JL) /TIPT) **EXPON
PPST (JL) = RHOP*AR*TPST (JL)
TST(JL) = TPST(JL)-VSQ/2./CP
RHOST (JL} = RHOP* (TST(JL)/TPST (JL)) **EXPON
PST (JL) = RHOST (JL) *AR*TST (JL)
396 CONTINUE

[N

TR IR

C
C--PRINT OUTPUT ALONG HUB-SHROUD STATION LINES

IF (NCHOK.GT.0) WRITE(NWRT3,1785) NCHOK
. IF (MARK.EQ.1) WRITE(NWRT3,1090) IL

IF (MARK.EQ.2) WRITE(NWRT3,1100) TL

IF (MARK.EQ.3) WRITE(NWRT3,1110) IL

IF (MARK.EQ.4) WRITE (NWRT3,1120) IL

WRITE (NWRT3, 1130)

WRTTE (NWRT3,1140) (RST(JL),2ST(JL), MST (JL) , FLFR(JL) ,¥WMST(JL),
1WTHST (JL) , WST (JL) , WWCRST (JL) ,ALPST (JL) ,BETST (JL) ,CURVST (JL),
2WLSST (JL) ,WTSST (JL) ,JL=1,NSL)

WRITE (NWRT3,1142)

WRITE (NWRT3,1144) (RST(JL),2ST(JL),PST(JL),TST(JL),RHOST(JL),
1VTHST (JL) , VST (JL) ,PPST (JL) , TPST (JL) , BEABST (JL), PPPST (JL),
2TPPST (JL) ,JL=1,NSL)

400 CONTINUE
c
C--REVERSE UPPER AND LOWER SURFACE VELOCITIES, IF NECESSARY
c

41{ IF(REVERS.EQ.0.) GO TO 430

DO 420 J=1,MHTP1

DO 420 I=1,MM

WDUM = WLSURF(I,J)

WLSURF (I,J) WTSURF (I,J)

420 WTSURF(I,J) = WDUM

REVERS = 0.0

c
C--REMOVE 'CHOKED' MESSAGE, IF NECESSARY
c
430 IF (NCHOK.EQ.0) RETURN
DO LU0 I=1,MM
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CHOMES(1,I) = BLNK
L40 CHOMES(2,I) = BLNK
RETURN
C
C--FPORMAT STATEMENTS
c

1000 FORMAT (1H1////28X,79 (1H*) /28X, 79H*** STRFAM FUNCTION, INTRRIOR V
1ELOCITIES, VELOCITY COMPONENTS, AND ANGLES **%/4u¥,414AT ALL MESH
2 POINTS OF THE ORTHOGONAL MESH/UUX, 41 (1H*))

101C FORMAT (///U2X,39H** HORIZONTAL ORTHOGONAL MESH LINE NO. ,
112,3H *%x//)

1020 FORMAT (1X,10HMESH-POINT,3X,SHAXTAL,RX,6HRADIAL,6X,6HSTREAM, UX,

16 HMERID., 3X,9HREL. TANG., 4X, 4HREL.,3X,9HCRIT.VEL. ,3X,6 HNERID. , 3X,
28HREL.FLOW,3X,4HMFSH/1X,9HCOLM ROW,4X,6HCOORD.,7X,6HCOORD., 7X,

35HFUNC.,5X,4HVEL.,6X,4HVEL, ,7X, 4HVEL. ,5X, SHRATIO, 3 (5X,SHANGLE) /

U2X,8H(I) (J),5X,3H(Z) ,10X,3H(R),10X,3H(U),6X,UH(WM),5X,5H (WTH),
57X, 3H (W) ,5X,7H(W/WCR) ,3X,7H (ALPHA) , 3X, 6H (BETA) , 5X, SH(PHI})

163C FORMAT (1X,I3,2X,I3,2X,2(G12.5,1X),PR.4,3(1X,F9.2),1X,P9.3,
13(3%,F7.2),2A0L) 7

1040 FORMAT (1H1////15X,99 (1B*) /15X, 99H*** STREAM FUNCTION, TNTERTOR V
1ELOCITIES, VELOCITY COMPONENTS, ANGLES, AND SURFACE VELOCITIES #*
2%/56X,17THALONG STREAMLINES/56X,17 (1H*))

105C FORMAT(///36X,2CH** STREAMLINE NUMBER,I3,23H =-- STREAM PUNCTION
1=,F8.U4,3H **x//)

106C FORMAT (4X,SHAXIAL,8X,6HRADIAL,7X,6HMERID.,6X,6HNERID. ,2X,
19HREL, TANG. ,2X,4HREL. ,2X , 9HCRIT.VFL.,2X,6HMERID.,2X,BHREL, FLOW,
22X, 7HSTREAM.,3X,9HSUCT.SUR. , 1X,9HPRES.SUR. /4X,6 HCOORD., 7X,
36HCOORD.,7X,6HCOORD. ,7X,UHVEL. ,5X,4HVEL. ,~X, 4HVEL., 4X, SHRATIO,

42 (4X,5HANGLE) ,5X,5HCURV.,6X,UHVEL. ,6X,4HVEL. /5X,3H(2) ,10X,3H(R),
510X, 3H (M) ,9X,UH (WM) ,4X,5H(WTH),5X,3H (W) ,U4X,TH(¥/WCR), 2X,
67H(ALPHA), 2X, 6H (BETA) ,3X,9H (1./DIST),4X,UH (WS) ,€X, UH (WP))

1070 FORMAT ((3(1X,G12.5),3(1%,F8.2),1X,F7.3,2(2X,P7.2),2¥,611.4,
1F8.2,2X,F8,2,284))

1080 FORMAT (1H1////15X,99 (1H*) /15X, 99H*** STRPEAM FUNCTION, INTERTOR V
1TELOCITIES, VELOCITY COMPONENTS, ANGLES, AND SURFACE VELOCITIES *#
2%/28X,72HALONG LINES FROM HUR TO SHROUD AT VARIOUS STATIONS THROUG
34 THE BLADE ROW/28X,72 (1H*))

1085 FORMAT ( //28X,19HBEWARE. THERE ARE,T3,49H VERTICAL ORTHOGONAL M
1ESH LINES WHICH ARE CHOKED,/28X,R82HLOCATIONS OF THESE LINES ARE GI
2VEN ABOVE AT THE BEGINNING OF THE TRANSONIC OUTPNUT,/28YX,8T7HOUTPUT
30N ANY STATION LINFS LOCAT®D NEAR THESE CHOKED ORTHOGONAL LINES MA
4Y BE IN ERROCR.)

109C FORMAT(///U9X,26H** HUB-SHROUD STATION NO. ¢ 12,3H %%x//)

1100 FORMAT(///U9X,26H** HUB-SHROUD STATION NO. +I2,3H *x%,16X,
118H** LEADING EDGE *%//)

1110 FORMAT(///49X,26H** HUB-SHROUD STATTON N0, ,12,3H **,15X,
119H** TRAILING EDGE **//) , )

1120 FORMAT (///U9X,26H** HUB-SHROUD STATION NO. v 12,30 **,16X,
118H** WITHIN BLADE *%x//)

1130 FORMAT (4X,6HRADIAL,7X,SHAXIAL,8X,6HMERID.,4X,6HSTREAM, 3X,
16HMERID.,2X,9HREL, TANG. ,2X ,4HREL.,2X,9HCRIT.VEL, , 2X,6 HMERID. , 2X,
28HREL.FLOW, 2X, 7THSTREAM. , 3X, 9HSUCT.SUR., 1X,9HPRES, SUR, /UX,
36HCOORD. ,7X ,6HCOQRD. ,7X,6HCOORD, ,5X,5HFUNC. , 4X,UHVEL.,5X,UHVFL.,
45X,4HVEL.,4X,5HRATIO, 2 (4X, SHANGLE) , 5X,5HCURY, ,6X,UHVEL. ,6X ,UHVEL. /
55X,3H(R) ,10X,3H(2) ,1CX,3H(M) ,8X,3H(U),5X,UH (WM) ,L4X,5H (¥TH) , 5X,
63H (W) ,4X,TH (W/WCR),2X, TH(ALPHA) , 2X, 6H (BETA) , 3X,9H(1./DIST) ,4X,

T4H (WS),6X,4H (WP))

1140 FORMAT ((1X,3(G12.5,1X),F6.4,3(1X,F8,2),1X,F7.3,2(2X,F7.2),2X,

1611.4,F8.2,2X,F8.2))
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1142 FPORMAT (//4X,6HRADIAL,7X,SHAXIAL,8X,2(6HSTATIC,3X),9HABS.TANG.,2X,
1UHABS.,3X,2 (8HABS.TOT., 1X) , 8BHABS.FLOW,2X,2 (1X,8HREL.TOT.) /
24X, 2 (6HCOORD. ,7X) , 1X ,SHPRES., 4X,5SHTEMP, , 4X, SHDENS., 2 (5X 4HVEL.) ,
34X, SHPRES.,4X, SHTEMP. ,4X,SHANGLE,6X, SHPRES. , 4%, SHTEMP./ - 5K, 3H(R)
4,10%, 3H(Z) , 10X, 3H(P) ,6X,3H(T) ,6X,5H (RHO) , 4X,5H (VTH) ,5X, 3H(V) , =X,
S4H (PP) . 5X,4H (TP) ,4X,6H (BETA) ,6X,5H (PPP) ,UX,SH(TPP))

1144 PORMAT ((1X,2(G12.5,1X),F9.2,1%,F7.2,1X,F10.7,1X,2(F8.2,1X) ,F3.1,
11X,F7.2,1X,F7.2,3X,F9.1,1X,F7.2))

1150 FORMAT (/53X,23 (1H%)/53X%,23H* REDUCED MASSFLOW */53X,23(18%)/
153x,18H* TITERATION NO. ,I2,3H */53X,23(1E*))

1160 FORMAT (/52X,25(1H*) /52X,25H* FULL  MASSFLOW % /52X, 25 (1H*) /
152X, 19H*  ITERATION NO. ,I2,4H  */52X,25(14%))
117C FORMAT (/52X,25(1H*) /52X,25H* FUOLL  MASSFLOW * /42X, 45 (1H*) /

142X, 1H* 12X ,19HTRANSONIC SOLUTION, 12X, TH*/ 42X, U5A* BY VELOCITY G
2RADIENT APPROXIMATE METHOD */35X,59 (1H*) /35%,59H*% ALL VELOCITIES
3 SHMALLER THAN CHOKING MASSFLOW SOLUTION */35X,59 (1H*))

1180 FORMAT (/52X,25(1H*) /52X, 25H* FULL MASSFLOW */U2X, U5 (TH*) /
142X, 1H*, 12X, 1T9HTRANSONTC SOLUTION, 12X, 1H*/U2%X,45H* BY VELOCITY G
2RADIENT APPROXIMATE METHOD */35%X,59 (1H*) /35X,59H* ALL VELOCITIES
3 LARGER THAN CHOKING MASSFLOW SOLUTION */35%,59 (1H*))

END

SUBROUTINE BLDVEL

C

C--BLDVEL CALCULATES BLADE SURFACE VELOCITIES, BLADE-TO-BLADE

C--AVERAGE DENSITY, AND FT

c

COMMON NREAD,NHRIT,ITER,IEND,NHRT1,NHRTZ,NHRT3,NHRTH,NWRTS,NHRTG

COHHON/INPUTT/GAH,AR,MSFL,OHEGA,RBDFAC,VELTOL,FNEH,DNEW,HBI,HBO,
MH,HHT,NBL,NHUB,NTIP,NIN,NOHT,NBLPL,NPPP,NOSTAT,NSL,NLOSS,
LSFR, LTPL, LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMNESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZOMIN,ZOMRT,204BO, Z080UT,
ROHIN,ROHBI,ROHBO,ROHOUT,ZHIN,ZTIN,ZHOUT,ZTOUT,RHIN,RTIN,RHOUT,
RTOUT,TITLEI(ZO),ZHUB(SO),RHUB(%O),ZTIP(SO),RTIP(SO),SFIN(FD),
RADIN(SO),TIP(SO),PRIP(SO),LAHIN(SO),VTHIN(SO),SFOUT(SO),
RADOUT (50) , PROP (50) , LOSOUT (50) ,LANOUT (50) , VTHOUT (5€) ,
BETALE(SO),BETATE(SO),ZHST(SO),ZTST(SO),RHST(SO),RTST(GO),
FLFR(SO),PERCRD(SO),PERLOS(SO),ZEL(SO,SO),RBL(SO,SO),
THBL(SO,SO),TNBL(50,50),TTBL(SO,SO).TH1BL(SO,SO),THZBL(SO,SO)

COHHON/CALCON/HHH1,HHTP1,CP,EXPON,TGROG,PITCH,RLEH,RLET,RTEH,PTET,
ZLE(SO),RLE(SO),ZTE(SO),RTE(SO),ZLEOH(101),RLEOH(101),
SLEOH(1O1),THLEOH(1O1),ZTEOH(1O1),RTEOH(101),STEOH(1O1),
THTEOM (101) , ILE(101) , ITE(101) ,208(100,101),RON(10C,1C01),
SOH(100,101),TOH(100,101),BTH(100,101),DTHDS(100,101),
DTHDT(100,101),PLOSS(100,101),CPHI(100,1C1),SPHI(100,101)

COHHON[VARCOH/A(u,100,101),UOH(100,101),K(1CO,1“1),RHO(100,1”1),
wsuas(iﬁ@}i@i),RSUBT(100,101),wsnBZ(1oo,101),usuea(1oo,1o1),
wsusu(1oo,1o1),HTH(100,101),VTH(100,101),u(1oo,1o1),
ALPHA(100,101),BETA(100,101),wwcn(1oo,1o1),cunv(106;1o1),
HLSURF(100,101),HTSURF(1OC,101),CAHP(100,101),SAHP(100,101),
RHOAV(100,101),DELRHO(100,101),FT(100,101),DFDH(1OC,101),
X104 (100,101) ,ZETON (100,101) ,DLDU (100,101)

DIMENSION TVERT(101) ,PVERT(101) ,DFVERT(101),DFDS(100),

1 PST(100,101) ,DFDT (100,101)

REAL LAMDAF

10 FCHANG = 0.
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FMAX
FMIN

=1.E20
1.E20

C---CALCULATE DFDT

DO 30 1=1,MHM
DO 20 J=1,MHTP1

TVERT (J) = TOM(I,J)
FST(I,J) = VTH(I,J)*ROM(I,J)
FVERT (J) = FST(I,J)

CONTINUE

CALL SLOPES(TVERT,FVERT,HHTP1,DFVERT)
DO 30 J=1,MHTP1

DFDT (I,J) = DFVERT(J)

CONTINUE

C---CALCULATE DFDS, THEN DFDM AND BLADE SURFACE VELOCITIES

DO 50 J=1,MHTP1

CALL SLOPES(SOH(1,J),FST(1,J),HH,DFDS)
DO 50 1=1,MHM

DFDM (I,J) = 0.

IF (I.GE.ILE(J).AND.I.LE.ITE(J)) DFDM (I, J)=-(DFDS (I)*CAMP(T,J) +
1DFDT(I,J)*SAHP(I,J))*BTH(I,J)*COS(BETA(I,J))

WLSORF (I,J) = W(I,J)+DFDM(I,J) /2.
WTSURF(I,J) = W(I,J)-DFDM(I,J)/2.

ALCULATE BLADE-TO-BLADE AVERAGE DENSITY

IF (GAM.EQ.0.) GC TO 490

TWLHR = 2.*OHEGA*LAHDAF(UOH(I,J),I,J)-(OHEGA*ROH(I,J))**2

WSQ = WLSURP(T,J)**2
TIPIJ = TIPF(UON(I,J))

TTIP = 1,- (WSQ¢TWLMR) /CP/TIPIJ/2.
IF(TTIP,LT.0.) TTIP = 0.

RHOIJ = RHOIPF (UOM(I,J))*(1.-PLOSS(I,J))
RHOL = RHOIJ*TTIP**EXPON

WSQ = WTSURF(I,J)**2

TTIP = 1,-(WSQ+TWLMR) /CP/TIPIJ/2.
IP(TTIP.LT.0.) TTIP = 0.

RHOT = RHOIJ*TTIP**EXPON

DELRHO(I,J) = RHCL-RHOT

RHOAV (I,J) = (RHOL+U4.%RHO(I,J)+RHOT) /6.

C---CALCULATE F-SUB-T FOR SUBROUTINE COEF

c
c
20
30
c
c
o
c---C
C
C
c
40
50
c

FTT = H(I,J)/BTH(I,J)*DTHDT(I,J)*DFDH(I,J)
FCH = ABS(FTIT-FI(I,J))

FCHANG = AMAX1 (FCHANG, FCH)

IF (FCHANG.EQ.FCH) ICH=T

IF (FCHANG.EQ.FCH) JCH=J

FMAX = AMAX1(FMAX,FTT)

FMIN = AMIN1(FMIN,FTT)

FT(I,J) = PNEW*FTT+ (1.~-FNEW) *FT (I,J)
CONTINUE ’

IF (IEND.LT.1) WRITE (NWRIT, 1C40) FCHANG,ICH

TFMAX,PMIN

,JCH,FT (ICH,JCH),
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C---PRINT DEBUG OUTPUT IP REQUESTED
o
IF (IDEBUG.LE.O) RETURN
IF ((ITER/IDEBUG)*IDEBUG.NE.ITER.AND.ITER.NE.1) RETURN
WRITE (NWRTS,1020)
WRITE (NWRTS5,1000) ((I,J,WSUBS(I,J),WSUBRT(I,J),VTH(I,J),RHO(I,J),
1RHOAV (I, J), DELRHO(I,J),DLDU{T,J),PLOSS(I,J),T=1,44) ,J=1,HMHTP1)
WRITE (NWRTS, 1030)
WRITE (NWRT5,1010) ((I,J,DTHDS(I,J),FT(I,J),DFDM(T,J),XION(T,]),
1ZETOM(I,J) ,CAMP(I,J) ,SAMP(I,J),I=1,MM),J=1,MHTPT)
RETURN
c .
C--FORMAT STATEMENTS
c

1007 FORMAT (2I5,8G15.5)

101C FORMAT (2I5,7G15.5)

1020 FORMAT (1H1,////35X,57 (1H*) /35X,57H* CHANGING QUANTITIES ON T
1HE ORTHOGONAL MESH */35%,57 (1H*) // uxX,1HI,4X,14J3,5¥%,
25HWSUBS, 11X ,5HWSUBT, 11X, 3HVTH, 11X, JHRHO, 11X, 5HRHOAV,9X, 6 HDELRHO,
310X, 4HDLDU, 11X,5HPLOSS)

1030 FORMAT (////4X,1HI,4X,1HJ,5%,5HDTHDS,11X,2HFT, 12X ,4HDFDM,11X,
T4HXIOM,11X,5HZETCM, 10X, UHCAMP, 11X, LHSAMP)

1940 FORMAT (/5X,22HMAXIMUM CHANGE IN FT =,G613.5,15X,6HAT I =,I3,
154, J =,73,14,,6X,10HWHERE FT =,G13.5/5X,22HMAXIMUM VALUE OF PT =
2,613.5/5X,22HMINIMUN VALUE OF FT =,G13.5)

END -

SUBROUTINE ILETE
c
C--ILETE CALCULATES THE INTEGER ARRAYS OF MESH POINT LOCATIONS WHICH ARE
C--JUST INSIDE THE LEADING AND TRAILING EDGES OF THE BLADE
c
COMMON/INPUTT/GAM,AR,MSF1,O0MEGA, REDFAC, VELTOL, FNEW,DNEW, MBI, HBO,
MM, MHT,NBL, NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN, ANGROT, IMESH, ISLINE,
ISTATL, IPLOT, ISUPER,ITSON, IDEBUG,ZOMIN,ZCMBI, 20MB0,Z20M0UT,
ROMIN,ROMBI,RCMBO,ROMCUT,ZHIN, 2T IN, ZHOUT,ZTOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLEI (20) ,ZHUB(50), RHUB(50) ,2TIP(50),RTIP (52) ,SFIN(50),
RADIN (50),TIP(50) ,PRIP(5C) ,LAMIN(50),VTHIN(5C),SFOUT (57),
RADOUT (50) , PROP (50) , LOSOUT (50) ,LAMOUT (5C) , VTHOUT (50) ,
BETALE (50) , BETATE (50) ,ZHST(50) ,2TST (50) ,RHST(50) ,RTST(50),
FLER (50) ,PERCRD (50) ,PERLOS (50) ,ZBL(50,50) ,RBL(50,50) ,
THBL (50,50) , TNBL (50,50) , TTRL (50,5C) , TH1BL (59,50) ,TH2BL(50,50)
COMMON/CALCON/MNM1,MHATP1,CP,EXPON,TGROG, PITCH, RLEH, RLET ,RTEH,RTET,
ZLE(50) , RLE (50) , ZTE (50) ,RTE(50) , ZLEOM (101) ,RLEOM (1C 1),
SLEOM (101) , THLEOM {(101) ,ZTFOM (101) ,RTEOM (101) ,STEOM (101} ,
THTEOM (101) ,ILE(1°1) ,ITE (1C1) ,Z0%(100,101),ROM(1GC,101),
S0M(100,101),TOM(100,101) ,BTH(100,101) ,DTADS (100,101),
DTHDT (100,101) ,PLOSS (160,1C1) ,CPHI(100,1C1) ,SPHI (100,101)
COMMON/SLCOM/ILS (50),ITS (50) ,2SL (100,50) ,RSL (100,50),MSL(10%,50),
1 WZSL{(100,50),WRSL(107,50),WMSL(100,50) ,¥THSL(109,50),
2 ALPSL({100,50) ,BETSL(109,50),WSL(1¢0,50),WWCRSL(100,50),
3 CURVSL{100,50),WLSSL(100,5C),WTSSL(100,5()
C--LEADING EDGE
CALL SPLINT(RLE,ZLE,NBLPL,RLE(1),1,2SPL,DZDR,TENP)
DO 20 J=1,NSL
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I1=0

10 T = I+1
CALL SPLENT (RST.(I,J),1,2SPL,DZDR,TEMP)
IF (ZSPL.GT.2ZS5L(I,J)) GO TO 1C

2¢ ILS(J) = I

C--TRAILING EDGE ,

CALL SPLINT(RTE,ZTE,NBLPL,RTE(1),1,ZSPL,DZDR, TEMD)
DO 40 J=1,NSL
I = ILS(J)-1

3C T = I+1
CALL SPLFNT (RSL(I,J),1,2SPL,DZDR,TEMP)
IF (ZSPL.GE.ZSL(I,J)) GO TO 3C

4o ITS(J) = TI-1
RETURN
END

SUBROUTINE INDEV
c
C--INDEV CALCULATES A CORRECTION TO DTHDS TO ALLOW FOR INCIDENCE AND
C--DEVIATION (AFTER BLCCKAGE CCRRECTION)
c
COMMON NREAD,NWRIT,ITER,IEND,NWRT1, NWRT2,NWRT3,NWRTU, NWRTS, NWRT6
COMMON/INPUTT/GAM, AR, MSFL, OMEGA, REDFAC, VELTOL, FNEW, DNEW,MBT, MBO,
MM, MHT,NBL, NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLINF,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZOMIN,ZOMBI,ZOKRO,Z0ONOUT,
ROMIN,ROMBI,ROMBO,ROMOUT,ZHIN,ZT IN,ZHOUT, ZTOUT, REIN,RTIN,RHOUT,
RTOUT,TITLEI (20) ,ZHUB (50) , RHUB (57) ,ZTIP(%0),RTIP (50),SFIN(50),
RADIN (50),TIP(50),PRIP(5C),LAMIN (50),VTIHIN(50) ,SFOUT(50),
RADOUT (50) , PROP (50) ,LOSOUT (50) ,LAMOUT (50) , VTHOUT (50) ,
BETALE (5C) ,BETATE (50) ,ZHST (50) ,2TST (59) , RHST (50) ,RTST(50) ,
FLFR(57) ,PERCRD(5") ,PERLOS (59) ,2BL(50,50) ,RBL (57,50),
THBL (50,50) , TNBL(59,50) ,TTBL (50, 50),TH1BL (50,50) ,TH2BL (50,50)
COMMON/CALCON/MMM1,MHTP1,CP,EXPON,TGROG, PITCH,RLEH,PLET,RTEH,RTFT,
ZLE(50) ,RLE (50) ,2TE(50) ,RTE(50) , ZLEOM (101) ,RLEOM (10 1),
SLEOM (101) , THLEOM (101) ,ZTEOM {171) , RTEOM(101) ,STEOM (1071) ,
THTEOM(1G1) ,ILE(101) , ITE(101) ,ZOM(100,101) ,RON(100,101),
SOM(100,101),TOM (100 ,101) ,BTH (120,101) ,DTHDS (100,101),
DTHDT (100, 101) ,PLOSS (100,101) ,CPHI (100,1C1) ,SPHI(100,101)
COMMON/VARCOM/A {4, 100,101) ,00M4(100,101) ,K(1CC,101),RHO (100,107),
WSUBS (100,1C1) , WSUBT (100,101) ,WSUBZ (100, 101) ,WSUBR (100, 101),
WSUBM (100, 101) ,¥TH(170,101),VTH(100,101),% (100,101,
ALPHA (100,1C1),BETA (100, 171) , WHCR (100, 10 1) ,CURV (107, 191),
WLSURF (100, 101) ,WTSURF(100,101) ,CAMP (100,101) ,SAMP (100,101),
RHOAV (100,101) ,DELRHO (100,101) ,PT (100,101) ,DFDM (190,101),
XIOM (100,101) ,2ETON (100, 101) ,DLDU (100,101)
COMMON/ROTATN/ZHROT (50) , RHROT (50) ,ZTROT (50) ,RTROT (50) ,
1  ZLEOMR(101) ,RLEOMR(101) ,ZTEOMR(101) ,RTEOMR(101),
2  2BLROT(50,5C),RBLROT (50,50),ZOMROT (100,101) ,ROMROT (100, 101)
COMMON/INDCOM/NBLPC, NPPC,ZPC(51,51) ,RPC(51,51),TTPC (51,51),
1  THPC(51,51) ,DTHDZ(51,51) ,DTHDR(51,51) ,BTHLE(101),BTHTE(101),
2  BTBFLE(101),BTBFTE{101)
REAL LAMDAF
5 IPRNT = 0
IF (IPRNT.EQ.1) RETURN

SOOI E N =

U & Wby -

MNNF WN

155



DEGRAD = 180./3.1415927
II = 1
JJ = 1
IF (IMESH.LE.0) GC TO 10
IF ((ITER/IMESH) *IMESH,EQ.ITER,OR,ITER.EQ.1) 60 TO 3C
17 IF (ISLINE.LE.C) GO TO 20
IF ((ITER/ISLINE)*ISLINE.EQ.ITER.OR.ITER.EQ.1) GO TO 37
2C IF (ISTATL.LE.O0) GO TO 40
IF ((ITER/ISTATL)*TSTATL.NE,ITER.AND.ITER,NE.1) GO TO 40
30 WRITE(NWRT6,10G0)
IF (REDFAC.LT.1.0) WRITF (NWRTE,1012) ITER
IF (REDFAC.EQ.1.0.AND.IEND.LE.N) WRITE(NWRTE,1020) ITER
WRITE (NWRT6,1130)
IPRNT = 1
c
C~-CORRECT DTHDS, AND CALCULATE INCIDENCZ AND DEVIATION, ROW BY ROW
C--FROM HUB TO TIP
o
40 DO 100 J=1,MHTP1
c
C--CALCULATE BLADE MFEAN CAMBER ANGLE A™ LEADING EDGE
I = ILE(J)-1
EXTRAP = SLEOM(J)-SOM(I,J)
ALPHLE = ALPHA(I,J)+EXTRAP* (ALPHA(I+1,J)-ALPHA(I,J))/(SOM(I+1,J)~
1S0M(I,J))
CALL LININT (ZPC,RPC,DTHDZ,NPPC,NBLPC,51,51,ZLEOMR(J),RLEO%R (J),
1DTDZLE,II,JJ)
CALL LININT (ZPC,RPC,DTHDR,NPPC,NBLPC,51,51,ZLEOMR (J),RLEOMR (1),
1DTDRLE, II,JJ)
TANBBL = RLEOM(J)* (DTDRLE*SIN (ALPHLE) +DTDZLFE*COS (ALPHLE))
IF (ITER.EQ.1) BTBFLE{(J)=ATAN (TANBRL)
BTBLLE = ATAN(TANBBL)*DEGRAD
o
C--CALCULATE BLADFE FLOW ANGLE AT LEADING EDGE, CORRFCTED FOR BLOCKAGE
BETAFS = BETA(I,J) +EXTRAP* (BFTA(I,J) -BETA(I-1,J))/ (SOM(T,J)-
1SOM (I-1,J)) : o
RHOFS = RHO (I,J) +EXTRAP* (RHO(I,J)-RHO (I-1,J))/
1 (SOM (I,J)-SCM(I~-1,0))
RHOBF = RHOAV (I+1,J)- (SOM(I+1,J)-SOM(I,J) -EXTRAP)/
1(SOM (I+2,J)-SOM({I+1,J))* (RHOAV(I+2,J) -RHOAV({I+1,J))
TANBBF = TAN(BETAFS) *BTHLE (J) /PITCH*RHOBF/RHOFS
BETABF = ATAN (TANBBF)

C
C-~-CALCULATE DISTANCE FOR DTHDS CORRECTION

BLDCRD = (RLEOM(J)+RTEOM(J))/2.* (THLEOM(J)-THTEOM (J))

BLDCRD = SQRT (BLDCRD**2+ (STEOM (J)~SLEOM (J)) **2)

SLIDLE = BLDCRD/PITCH/RLEOM (J)

DISTLE = AMIN1(.5,AMAXT1(1./6.,(11,-4,*SLIDLE)/18.)) *(STEOM(J) -

1SLEOM (J))
c
C--CORRECT DTHDS FOR INCIDENCE NEAR THT LEADING EDGE,
C--USING LINEAR CORRECTICN FOR ANGLE
I = ILE(J) '
50 SDIST = SLEOM (J) +DISTLE-SOM(I,J)
IF(SDIST.LE.N.) GO TO 60

TANBIJ = ROM(I,J)*(DTHDS(I,J) *CAMP(I,J) +DTHDT (I,J)*SAMP(I,J))
BETAIJ = ATAN (TANBIJ)

BETAIJ = BETAIJ+ (BETABF-BTBFLE(J))*SDIST/DISTLE

TANBIJ = TAN(BETAIJ)
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DTHDS(I,J) = (TANBIJ/ROM(I,J)-DTHDT(I,J)*SAMP(T,J))}/CAMP(T,J)
I = TI41
GO TO S5C
€0 BTRFLE(J) = BETABF

C

C--CALCULATE INCIDENCE ANGLES
BLINC BETABF*DEGRAD-RTBLLE
UBINC BEETAFS*DEGRAD-BTBLLE

won

Cc
C--CALCULATE BLADE MEAN CAMBER ANGLE AT TRAILING EDGF
I = ITE(J)+1
EXTRAP = SOM(T,J)-STEOM (J)

ALPHTE = ALPHA(I,J) +EXTRAP* (ALPHA(I-1,J)-ALPHA(I,J))/(SOM(T,J)~

1504 (I-1,J))

CALL LINTNT (ZPC,RPC,DTHDZ,NPPC,NBLPC,51,51,ZTEONR(J),RTEOMR (D),

1DTDZTE,II,JJ)

CALL LININT(ZPC,RPC,DTHDR,NPEFC,NRLPC,51,51,ZTFOMR{J),RTROMR{J),

1DTDRTE, II,JJ)
TANBBL = RTEOM (J) * (DTDRTE*SIN (ALPHTE) +DTDZT F*COS (ALPHTE))
IF (ITER.EQ.1) BTBFTF (J)=ATAN (TANBBL)
BTBLTE = ATAN(TANRBL)*DEGRAD
c

C--CALCULATE BLADF FLOW ANGLE AT THAILING EDGE, CCORRECTFD FOR RLOCKAGE

BETAFS = BETA(I,J) +EXTRAP* (BETA(I,J) -BETA(I+1,J))/(S0Y(I+1,J)-
1S0M (I,J))
RHOPS = RHO (I,J) +EXTRAP* (RHO(I,J) -RHO(I+1,J))/
1(SOM(I+1,J)-SOM(I,J))
RHOBF = RHOAV(I-1,J)+ (SOM(I,J)-SOM(T-1,J)-EXTRAD)/
1(SOM(I-1,J) -SOM(T-2,J))* (RHOAV(T=-1,J) ~RHOAV (I-2,J))
TANBBF = TAN(BETAFS) *BTHTE(J) /PITCH*RHOBF/RHOFS
BETABF = ATAN (TANBBF)
c
C~-CALCULATE DISTANCE FOR DTHDS CORRECTION
SLIDTE = BLDCRD/PITCH/RTEON (J)
DISTTE = AMINT(.5,AMAX1(1./6.,(11.-4.%SLIDTE) /18.)) * (STEOM (J) -
1SLEOM (J))
c
C--CORRECT DTHDS FOR DEVIATION NEAR THE TRAILING FDGE,
C--USING LINEAR CORRECTION FNR ANGLE
I = ITE(J)
70 SDIST = SOM(I,J) -STEOM(J)+DISTTE
IF (SDIST.LE.0.) GO TO 80

TANBIJ = ROM{T,J)*(DTHDS(I,J)*CAMP(I,J) +DTHDT(I,J)*SANMP(I,J))
BETAIJ = ATAN (TANBIJ) '

BETAIJ = BETAIJ+ (BETABF-BTBFTE(J)) *SDIST/DISTTE

TANBIJ = TAN(BETALJ) '

QT”°§‘§'J’ = (TANBIJ/ROM (I, J) -DTHDT (I,J) *SAMP(I,J))/CAMP (T,J)
GO TO 70

80 BTBFTE(J) = BETABF

c

C--CALCULATE DEVIATION ANGLES

BLDEV = BETABF*DEGRAD-BTBLTE

UBDEV = BETAFS*DEGRAD-BTBLTE

C

C~-PRINT INCIDENCE AND DEVIATION ANGLES
IF (IPRNT.EQ.C) GO TO 100
IF ((LAMDAF(.5,ILE(1),1)-RVTHTA(.5,ILE(1),1)).GT.0.) GO TO 9)
BLINC = -BLINC
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UsINC = =-UEBINC
BLDEV = -BLDEV
UBDEV = -UBLCEV

3¢ WRITE(NWRT6,1040) J,BLINC,UBINC,BTBLLE,BLDEV,UBDEV,RTELTE
100 CONTINUE
IF (IPERNT.GT.") WRITE(NWRT6,1050)

RETURN
o
C-~-FORMAT STATEMENTS
C

1000 FORMAT (1H1////LUX,40 (1H*) /4LX,40H*** TNCIDENCE AND DEVIATION ANG
1LES *%% /49X, 37 (1H¥) //)

1010 FORMAT (/53X,23 (1H%) /53X,23H* REDUCED MASSFLOW */53X,23 (1Hx)/
153X, 184* TTERATION NO, ,I2,3H */53X,23(1H%))

102C FORMAT (/52X,25 (1H*) /52X ,25H% FULL  MASSFLOW */52X,25 (1H*) /
152%,19H*  ITERATION NO, ,I2,4H  */52X,25 (1H%))

153C FORMAT (//204X,10H* MESH *,8X,9HINCIDENCF,7X,11HBLADE ANGLE,2H *,
18X,9HDEVIATION,7X,11HBLADE ANGL®,2H */24X,10H* LINE *,3X,
27HBLOCKED, 3X, 9HUNBLOCKED,4X,7HAT L.E.,3X,1H*,3x, 74BLOCKED, 3X,
394HUNBLOCKED,4X,7HAT T.E.,3X,1H*)

1040 FORMAT (24X,1H*,2X,I3,3X,2(1H*,3(F9.2,2%X),3X),1H%)

1050 FORMAT (1H1)

END

SUBROUTINE TSONIN
C
C--TSONIN CALCULATES AND PRINTS OUT DATA AS INPUT TO THF
C--TSONIC BLADE-TO-RLADE ANALYSIS PROGFAM
C
COMMON NREAD,NWRIT, TTER,IEND,NWRT1,NWRT2,NWPT3,NWRTU, NWRTS,NWPTE
COMMON/INPUTT/GAM,AR,MSF1,OMEGA, REDFAC, VEITOL, FNEW, DNEW, BT, MRO,
MM, MHT, NBL, NHUR,NTIP,NIN,NCUT,NBLPL, NPPP,NOSTAT, NSL,NLOSS,
LSF&,LTPL, LAMVT,LROT,LBLAD,LFTEAN, ANGROT, IMESH,ISLINF,
ISTATL, IFLOT, ISUPFR,ITSON, IDEBUG, ZOMIN,ZCMBI, ZOMBO,20MOUT,
ROMIN,ROMBTI,RCMBO,ROMCOT, ZHIN,ZTTN,2HOUT, ZTOUT,RHIN,RTTN, RHOUT,
ETOUT,TITLEI (20) ,ZHUB (5C) ,RHUB(57) ,ZTIP(5J),RTIP(57),SFIN(""),
RADIN(50),TIP(57) ,PRIP(5C) ,LAMIN(50) ,VTHIN(5C) ,SFONUT(52), -
RADOUT (5C) , PROP (50) , LOSOUT (57) , LAMOUT (50) , VTHOUT (52},
BETALF (50) ,BETATE (52) ,ZHST (50),ZTST(50) ,RHST(5?) ,RTST(50Q),
FLFR (52) ,PERCRD (5() ,PERLOS(52),2BL(5%,5") ,RBL(50,5%),
THBL (53,52) ,TNBL(50,50) ,TTEL {5¢,50) ,THIBL (50,5") ,TH2BL(50,52)
COMMON/CALCCN/MMM1,MHTP1,CD, EXPON, TGROG, PITCH,RLEHR,RLET,RTEH,PTET,
ZLE(5") ,RLF {50) ,2TE(50) ,RTE(5"),ZLEOM (101) ,RLEOM (101),
SLEOM (101} , THLEOM (17 1) ,2TEOM (10 1) ,RTEOM (101) ,STEOM (101) ,
THTEOM (101) ,ILE(171) ,ITE(101) ,20M(1CC,101) ,ROM(100,1C T,
SOM(103,101),T0M(100,101) ,BTH (120,17 1) ,DTHDS (170,101},
DTHDT (175, 101) , PLOSS (157, 141) ,CPHI (100,10 1) ,SPHI (100,101)
COMMON/VARCOM/A (4,150,101 ,U0M(103,101) ,K(1rC,101),RHO (1CC,12T),
WSUBS (19C,101) ,WSUBT (160, 101) ,WSUB2Z(123(,101),WSUBR(10C, 101, =
WSURM (13¢,101) ,WTH (170,101, VTH (137, 121) , W (100,101),
ALPHA (10C,121) ,BETA (120,171} ,WWCR (167,101} ,CURV (107,1C1),
WLSURT (127,101) , WTSURF(1€¢A,171) , CANP (140,171) ,SAMP (1£C,101),
RHOAV (107,101) ,DELRHO (1€ ,131) ,PT (100,101) ,DFDM (10N, 101),
XTOM(15%,151) ,ZETOM (120, 171) ,DLDU (120,10 1)
COMMON/SLCOM/ILS (57) ,ITS(5") ,2ZSL(101,5%) ,RSL (1C0,52),MSL(1CH,57),
1 WZSL (100 ,5%) ,WRSL (105 ,57) ,WMSL(100,5%) ,WTHSL(15M,57),

- WX AT NE N -

N E WK -

O U & o —

158



2 ALPSL(100,50) ,BETSL(100,5M),WSL{10C,57), WHCRSL (100,50),
3 CURVSL(19(,50),WLSSL(100,50) ,RTSSL(100,5C)
COMMON/INDCOM/NBLPC, NPPC,2PC(51,51) ,RPC (51,51),TTPC(51,51),
1 THPC(51,51),DTHDZ (51, %1) DTHDR (51, 51),BTHLF(1“1),PTHTE(1“1),
2 BTBFLE(101),BTBFTE(1“1)
COMMON/ROTATN/ZHROT (5%) ,RHROT (59) , 2TROT (5C) ,RTROT (51) ,
1 ZLEOMR(101) ,RLEOMR (171) ,ZTEOMR(101) ,RTEOMR(101),
2 ZBLPOT(50,50) ,RBLROT(50,50) ,Z0MROT(100,171) ,ROMROT (107, 171)
DIMENSION ZMSP1(100),ZMSP2(10C),THSP1(1C)), THSP2(100),DTDM1 (170},
1 DTDM2(120),D2TDM1(107), D2TDM2(10“) CORV1 (100) ,CURV2(1CN),
2 RADSP1(100),RADSP2(1GO),ALPH§P(10“),ZHFGP(100),RM€D(1C”),
3 BESP(100),PLOSSL{139) ,DBDM (137), D2BDM2 (1C0), qur(1u4),
4  AAA(109),BBB(109) ,
REAL MSFL,MSL,LAMDAF
C
C--PRELIMINARY CALCULATIONS
C
IF (ITSON.LE.0) RETURN
IF ((ITER/ITSON)*ITSON.NE.ITER) RETURN
WRITE (NWRT4,1000)
IF (REDFAC.LT.1.0) WRITE (NWRTL,1010) ITER
IF (REDFAC.EQ.1.0.AND.IEND.LE,0) WRITE(NWRT4,1020) ITER
IF (REDFAC.EQ.1.0,AND.IEND.GE.1.AND,ISUPER,LE.1) WRITE(NWRTU, 102")
IF (REDFAC.EQ.1.0.AND.IEND.GE,1.AND.ISUPER.EQ.2) WRITE (NWRT4,104")
ARTEM = AR
ZMSFL = MSFL/100./REDFAC
OMTEM = OMEGA/REDFAC
REDTEM = 1.0
VELTEM = .01
MBITS = 21
MBOTS = 61
MMTS = 81
MBBI = 20
NRSP = MM
NSLTS = 0
LRVB = ¢
LOSS = 0
IF (NLOSS.GT.O) LOSS=1
LWCR =
LIPS =
ITMESH
IISLIN
TIBSUR
IIPLOT
IIDEBG
DEGRAD
BFACTR

o

o n

8

¢
.C

«/3.1415927

LU T | T TR T o Y

-2 OO

C
C--CALCULATE AND PRINT OUT TSONIC DATA ALONG EACH OF THE STREAHLTNpq
C--ONE STREAMLINE AT A TIME

C
DO 310 Js=1,NSL
IT =1
JJ = 1

TIPTEM = TIPP (FLFR (JS))

RHOIP = RHOIPF(PLFR(JS))
RVTHI = LAMDAP (FLPR(JS),ILE(1),1)/REDFAC
RVTHO = RVTHTA(FLER(JS),ILE(1),1) /REDFAC

IF (GAM.NE.O.) GC TO 5
ARTEM = 0,
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TIPTEM = 0.
RHOIP = AR
C
C--INTERSECTICN OF STREAMLINE WITH BLADE LEADING AND TRAILING EDGES
C
5 CALL INRSCT(ZSL(1,J45),RSL(1,JS),MM,ZLE,RLE,NBLPL,ZLESL,RLESL)
CALL INRSCT(ZSL(?1,JS),RSL{1,JS),M4M,2TE,RTF, NBLPL,2TESL,RTFSL)
C
C--CALCULATE STREAMSHEET LOCATION AND THICKNESS, AND LOSS DISTRIBUTION
C
CALL ROTATE (-ANGROT,2SL{(1,JS),RSL(1,JdS),uM, 1,107, 1,DIST,RMSP)
DO 10 IS=1,MM
ZMRSP (IS) = MSL({I5,JS)-MSL(1,J3)
CALL LININT (ZOMROT,ROMROT,RHOAV,MM,NHTP?,107,101,2S5L(IS,JS),
{RSL (15,JS) ,RHOSL,II,JJ) ,
CALL LININT (20MROT,ROMROT,BTH,MM,MHTP1,100,101,25L(T5,d5),
1RSL (IS§,JS),BTHSL,II,JJ)
CALL LININT (ZOMROT,ROMROT,PLOSS,MM, MHTP1,10(,101,2SL(15,J5),
1RSL{IS$,JS),PLOSSL(IS),II,Jd)
CALL LININT (ZOMROT,ROMRCT,DELRHO, MM, MHTP1,1C0, 107,251 (I5,d5),
1RSL (IS,JS) ,DRHOSL,II,JJ)
CALL LININT(ZOMROT,ROMROT,WLSURF,MM,MHTP1,100,121,25L(1I5,J5),
1RSL (15,J5) ,WLSFSL,II,JJ)
CALL LININT (ZOMROT,ROMROT,WTSURF,MM, HMATP1,100,101,25L(1IS5,J5),
1RSL(IS,JS) ,WTSFSL,I1,Jdd)
ROWMAV = RHOSL*WMSL (IS,JS) +DPHOSL/12.%COS(BETSL(IS5,J5))*
1 (WLSFSL-WTSFSL)
10 BESP(IS) = ZMSFL/ROWMAV/RMSP (IS) /RTHSL*BFACTR
ZMSFL = ZMSFL*DBFACTR
o
C--CALCULATE BLADE SURFACE COORDINATES WITH RESPECT TO MERIDL ORIGIN
c--AT ALL POINTS ON BLADE WHERE VERTICAL ORTHCGONALS PASS THROUGH
C--THE STREAMLINE
C
II 1
JJ 1
NBLPTS = ITS(JS)~-ILS{JS)+3
ILSJ = ILS(JS)
ITSJ = ITS(JS)
ZMSP1 (1) = 0.
DELM = SQRT ((2ZSL(ILSJ,JS)-2ZLESL) **2+ (RSL(ILSJ,JS) -RLESL) **2)
CALL LININT(ZPC,RPC,THPC,NPPC,NBLPC,51,51,2ZLESL,RLESL,
1THLESL,II,JJ)
ISB = 2
DO 20 IS=ILSJ,ITSJ
ZMSP1(ISB) = ZMRSP(IS)-ZMRSP(ILSJ) +DELM
CALL LININT(ZPC,RPC,THPC,NPPC,NBLPC,51,51,25L(IS,J5),
1RSL(IS,JS) ,THSL,11,JJd)
CALL LININT (ZPC,RPC,TTPC,NPPC,NBLPC,%1,51,25L(1S,J5),
1RSL (I5,JS),DBL,II,JJ)
THSP1 (ISB) THSL~-THLESL+DBL/2.
THSP2 (ISB) THSL-THLESL-DBL/2.
20 ISB = ISB+1
DELM = SQRT ({2ZTESL-ZSL(ITSJ,JS)) **2+ (RTESL-RSL(ITSJI,JS))**2)
ZMSP1 (NBLPTS) = ZMSP1(NBLPTS-1) +DELM
CHORD = ZMSP1 (NBLPTS)
CALL LININT(ZPC,RPC,THPC,NPPC,NBLPC,51,51,2TESL,RTESL,
1THTESL,1I,JJ)
CALL LININT(ZPC,RPC,TTPC,NPPC,NBLPC,51,51,2LESL,RLESL,

HoH
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1DBL, II,JJ)
IF (DBL.LT.CHORD/197C.) CBL=CHORD/1100.
THSP1(1) = DBL/2.
THSP2 (1) = -DBL/2.
CALL LININT(ZPC,RPC,TTPC,NPPC,NBLPC,%1,51,ZT&ESL, RTESL,
1DBL, II,JdJ) , ,
IF (DBL.LT.CHORD/17C0.) DBL=CHORD/1300.
THSP1(NBLPTS) = THTESL-THLESL+DBL/2.
THSP2 (NBLPTS) = THTESL-THLESL-DBL/2.
DO 25 IS=1,NBLPTS
25 ZMSP2(IS) = ZMSP1(IS)
o
C-=-SHIFT STREAMSHEET MERIDIONAL COORDINATES TO ORIGIN AT RLADE
C--LEADING EDGE,
C~~AND CALCULATE FIRST AND SECOND DERIVATIVFS OF STREAMSHFET
C
DELM = ZMRSP (ILSJ)-ZMSP1(2)
DO 30 IS=1,HMM
30 ZMRSP(IS) = ZMRSP(TS)-DELM
CALL SPLINE(ZMRSP,BESP, MM, DBDM, D23D42)
c
C--ELIMINATE ANY BLADE SURFACF POINTS VERY CLOSF TO THFE
C--LEADING AND TRAILING EDGES
C
ILSJ1 = ILS (JS)
ILSJ2 = ILS(JS)
DELMSP = (, 10*CHORD/FLOAT(NBLPTS-1)
40 IF ((ZMSP1(2)-ZMSP1(1)).GT.DELMSP) GO TO 60
DO 50 IS=3,NBLPTS
ZMSP1(IS-1) ZMSP1(IS)
ZMSP2 (IS-1) ZMSP2 (1S)
THSP1(IS-1) THSP1(1IS)
5¢ THSP2 (IS-1) THSP2 (IS)
NBLPTS = NBLPTS-1
ILSJ1 = ILSJ1+1
ILSJ2 = ILSJ2+1
GO TO 40
60 IF ((ZMSP1(NBLPTS)-ZMSP1(NBLPTS-1)).GT.DELKSP) GO m0 70
ZMSP1 (NBLPTS-1) ZMSP1 (NBLPTS)
ZMSP2 (NBLPTS-1) = ZMSP2 (NBLPTS)
THSP1(NBLPTS-1) = THSP1 (NBLPTS)
THSP2 (NBLPTS-1) THSP2 (NBLPTS)
NBLPTS = NBLPTS-1
GO TO 60

C
C--CALCULATE GRADIENTS ON BOTH BLADE SURFACES

C--CALCULATE RADII FROM CENTERLINE, AT LEADING AND TRAILING EDGES

o
7C CALL SPLINE(ZMSP1,THSP1,NBLPTS,DTDM1,D2TDM1)
CALL SPLINE(ZMSP2,THSP2,NBLPTS,DTDM2,D2TDN2)
CALL SPLINT (ZMRSP,RMSP,MM,0.,1,RADLE,TEN1,TEMN2)
CALL SPLINT(ZMRSP,RMSP,MM,CHORD,1,RADTE, TEM1,TEM2)
C

C--CALCULATE LEADING EDGE RADIUS, POINTS OF TANGENCY, AND
C--TANGENCY ANGLES
C
ICOUNT = 0
DAMP = 1,
80 BETIV1 = ATAN(RADLE*DTDM1 (1))
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BETI2 = ATAN(RADLE*DTDM2(1))

RT1 = RADLE* (THSP1(1)-THSP2(1))*COS ((BETI1+RFTI2) /2.) /2.
90 ZLTAN1 = RIT* (1.-SIN(BETI1))

ZLTAN2 = RIT*(1.+SIN(BETI2))

CALL SPLINT(ZMSP1,THSP1,NBLPTS,ZLTAN1,1,TLTANT,DTAN, TEM])

CALL SPLINT (ZMSP2,THSP2,NBLPTS,ZLTAN2,1,TLTAN2,DTAN2, TEM2)

BETT! = ATAN(RADLE*DTANT)

BETI2 = ATAN (RADLE*DTAN2)

RI1NEW = RADLE* (TLTAN1-TLTAN2)/(COS(BETI1)+COS(BETI2))

IF (ABS {(RITNEW-RI1)/RI1).LT..001) GO TO 117

TCOUNT = ICCUNT#1

IF (ICOUNT.LF.1C0) GO TO 100

WRITE (NWRT4,12C0)

GO TO 110
100 RIT = (DAMP*RIT+RIINEW)/(DANP+1.)

IF (RI1.GT.H.) GC TO 90

DAMP = DAMP+1.

GO TO 8¢
11C RI1 = RITNEW
RI2 = RIM

C
C--CALCULATE TPAILING EDGE RADIUS, POINTS OF TANGENCY, AND
C--TANGENCY ANGLES

C
ICOUNT = 0O
DAMP = 1.
127 BETO1 ATAN(RADTE*DTDM1 (NRLETS))

BETO2 = ATAN(RACTE*DTDM2 (NBLPTS))

RO1 = RADTE*(THSP1(NBLPTS) -THSP2 (NBLPTS)) *COS ((BETO1+BET0Z) /2.) /2.
13- ZTTAN1 = CHCRD-RC1* (1.+SIN(BETO"))

ZTTAN2 = CHCRD-RO1*(1.-SIN(BETO02))

CALL SPLINT (ZMSP1,THSP1,NBLPTS,ZTTAN1,1,TTTANT,DTANT, TEMT)

CALL SPLINT (24SP2,THSP2,NBLPTS,ZTTAN2,7,TTTAN2,DTAN2, TEM2)

BETO1 = ATAN(RADTE*DTANT)

BET02 = ATAN(RALTE*DTAN2)

RO1NEW = RADTE* (TTTAN1-TTTAN2)/(COS(BETO1) +COS(BETO2))

IF (ABS ((ROINZW-RO1) /RO1).LT..)"1) GO TO 157

ICOUNT = ICCUNT+1

IF (ICOUNT.LE.1G0) 6O TO 140

WRITE (NWRT4, 1210)

GO TO 150
147 RO1 = (DAMD*RO1+ROTNEW)/(DAMP+1.,)

IF (RO1.GT.S.) GC TO 130

DAMP = DAMP+1.

GO TO 12¢
150 BRO1 = ROINEW
RO2 = RO1

o

C--SUBSTITUTE POINTS OF TANGENCY FOR FIRST AND LAST POINTS IN

C--SURFACT COORDINATE ARRAYS

c
ZMsP1 (1) ZLTAN1
ZMSP2 (1) ZLTAN2
ZMSP1 (NBLPTS) = ZTTANT
ZMSP2 (NBLPTS) = ZTTAN2
THSP1(1) = TLTAN1
THSP2 (1) = TLTAN2
THSP1 (NBLPTS) TTTAN
THSP2 (NBLPTS) TTTAN2
NSPL1 = NBLPTS
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NSPL2 = NBLPTS
o
C--ELIMINATE SURFACE POINTS BETWEEN BLADE FDGES AND TANGENCY POINTS
C--ALSO ELIMINATE ANY SURFACE POTNTS T0O CLOSE To TANGENCY POINTS
c
DELMSP = 0, 10%CHORD/FLOAT (NBLPTS-1)
160 IF (ZMSP1(2).GT.ZMSP1(1)+DELNSP) GO To 180
DO 170 IS=3,NSPL1I
ZMSP1(IS-1) = ZMSP1(IS)
17C THSP1(IS-1) = THSP1(IS)
NSPL1 = NSPL1-1
ILSJT = ILSJ1+1
GO TO 160
180 IF (2¥SP2(2).GT.ZMSP2(1) +DELMSP) GO T0O 200
DO 196G IS=3,NSPL2
ZMSP2(IS-1) = ZMSP2(IS)
199 THSP2(IS-1) = THSP2(IS)
NSPL2 = NSPL2-1
TLSJ2 = ILSJ2+1
GO TO 180
200 IF (ZHSP1(NSPL1—1).LT.ZMSP1(NSPLT)-DELMSP) GO TO 210
Z4SP1(NSPL1-1) = ZMSP1(NSPL1)
THSP1(NSPL1-1) = THSP1(NSPL1)
NSPL1 = NSPL1-1
GO TO 20¢
21¢ IF (ZMSP2(NSPL2-1).LT.ZHSPZ(NSPLZ)-DFLMSP) GO TO 220
ZMSP2 (NSPL2-1) ZMSP2 (NSPL2)
THSP2 (NSPL2-1) = THSP2 (NSPL2)
NSPL2 = NSPL2-1
GO TO 21C

0o

C
C--CALCULATE TANGENTIAL COORDINATE,SHIFT FROM MERIDL ORIGIN TO
C--TSONIC ORIGIN, AND SHIFT CCORDINATES

o
220 DELTH = (TLTAN1*COS(8ETIZ)+TLTAN2*COS(BETI1))/(COS(RFTI1)+
1COS(BETI2))
DO 230 IS=1,NSPL1
23C THSP1(IS) = THSP1(IS)-DELTH
DO 24C IS=1,NSPL2
24C THSP2(IS) = THSP2(IS)-DELTH
C
C--CALCULATE STAGGER AND STACKING COORDINATE
C
STGR = (TTTAN1*COS(BET02)+TTTAN2*COS(BETO1))/(COS(BETO1)¢
1COS (BET02) ) -DELTH
THSTAK = THLESL+DELTH
C

C--CALCULATE RADII FROM CENTFRLTNT TO BLADF SURFACE POINTS
c ,
CALL SPLINT(ZMRSP,RHSP,MM,ZHSP1,NSPL1,RADSP1,AAA,BBR)

CALL SPLINT(ZMRSP,BMSP,MM,ZMSPZ,NSPL2,PADSP2,AAA,BBB)

C ,
C~-CALCULATE SLOPES, SECOND DERIVATIVES, AND CURVATURES ON UPPER
C--BLADE SURFACE

c

SLOPE1 = TAN(BETI1) /RADSP1 (1)

SLOPEN = TAN{BETO1) /RADSP1(NSPL1)

CALL SPLISL(ZMSP1,THSP1,NSPL?,SLOPE1,SLOPEN,DTDM1,D2TDM1)
BETI1 = BETIT*DEGRAD
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250

260

BETO1 = BETO1*DEGRAD

TMSL = ZMSP1(1) -ZMRSP (1)

CALL SPLINT (MSL(1,JS),ALPSL(1,JS),MM,THSL,1,ALPHSP(1),TEMT, TEN2)
NSPLM = NSPL1-1

DO 250 IS=2,NSPLM

ITEN = ILSJ1+1S5-2

ALPHSP (IS) = ALPSL(ITEM,JS)

TMSL = ZMSP1(NSPL1) -ZMRSP(1)

CALL SPLINT (MSL(1,JS),ALPSL(1,JS),MM,THSL, 1, ALPHSP(NSPLY),
1TEM1, TEM2)

DO 260 IS=1,NSPL1

CURV1(IS) = (RADSP1(IS)*D2TDM1(IS)+SIN(ALPHSP(IS))*DTDMI(IS))/
1(1.+ (RADSP1(IS) *DTDM1 (IS)) **2) **1,5

C
C--CALCULATE SLOPES, SECOND DERIVATIVES, AND CURVATURES ON LOWER
C-~-BLADE SURFACE

C

C

270

280

SLOPE1 = TAN(BETI2)/RADSP2(1)

SLOPEN = TAN(BETC2) /RADSE2 (NSPL2)

CALL SPLISL (ZMSP2,THSP2,NSPL2,SLOPE1,SLOPEN,DTDM2,D2TDN2)
BETI2 = BETI2*DEGRAD

BETO02 = BETO2*DEGRAD

TMSL = ZMSP2(1)-ZMRSP (1)

CALL SPLINT (MSL(1,JS),ALPSL{1,JS),MM,THNSL, 1, ALPHSP (1) ,TEM1,TEN2)
NSPLM = NSPL2-1

po 270 1S=2,NSPLH

ITEM = ILSJ2+1IS-2

ALPHSP(IS) = ALPSL(ITEMN,JS)

TMSL = ZMSP2(NSPL2) -ZMRSP(1)

CALL SPLINT (MSL(1,JS),ALPSL (1,JS),MN,TMSL, 1, ALPHSP (NSPL2),
1TEM1,TEM2)

DO 280 IS=1,NSPL2

CURV2(IS) = (RADSP2(IS)*D2TDM2(IS)+SIN(ALPHSP(IS))*DTDH2(IS))/
1(1.+ (RADSP2 (IS) *DTDM2 (IS)) *¥*2) **1.5

n H

C--PRINT TSONIC DATA

C

164

WRITE (NWRT4,1050) JS,FLFR(JS)

IF (BPACTR.NE.1.0) WRITE(NWRTH4, 1055)

WRITE (NWRTY4,1060)

WRITE (NWRT4,1310) GAM,ARTEM,TIPTEM,RHOIP,OMTEM,ZMSFL

WRITE (NWRT4,1070)

WRITE (NWRT4,1340) VELTEM

WRITE (NWRT4,1080)

WRITE (NWRT4,1320) NBL,NSPL1,NSPL2,NRSP

WRITE (NWRT4,1090) -
WRITE (NWRT4,1330) LRVB,LOSS,LWCR,LIPS

WRITE (NWRT4,1100)

WRITE (NWRT4,1310) RVTHI,RVTHO -
WRITE (NWRT4,1110)

WRITE (NWRTU,1350) CHORD,STGR,DELTH, THSTAK

WRITE (NWRTH4,1120)

WRITE (NWRT4,T360) RI1,BETI1,RO1,BETO1

WRITE (NWRTU,1130)

WRITE (NWRTY4,1370) (IS,ZMSP1(TS),THSP1(IS),DTDMT(IS),D2TDNI(IS),
1CURV1(IS),RADSP1(IS),IS=1,NSPL1)

WRITE (NWRT4,1140)

WRITE (NWRTY4,1360) RI2,BETI2,R02,BETO2

WRITE (NWRTY4,1150)



C

WRITE (NWRTY,1370)

(IS,2HSP2 (IS),THSP2(IS),DTDM2(IS) ,D2TDM2 (IS),

1CURV2(IS),RADSP2(IS),IS=1,NSPL2)

WRITE (NWRT4,1160)
WRITE(NWRT4,1380)

1PLOSSL(IS),DBDM(IS),D2BDM2(IS),

WRITE (NWRTU4,1170)
WRITE (NWRT4,1300)

(IS,ZMRSP (IS),RMSP(IS),BESP(IS),HWWCRSL(IS,JS),
IS=1, MH)

é--WRITE OUTPUT AGAIN IN CARD IMAGE FORMAT

(o

C

3G¢C

312

ICARDS = 0
NWRT7 = 6

IF (ICARDS.EQ.()
WRITE (NWRT7,1400)
WRITE (NWRT7,1450)
WRITE (NWRT7,1460)
WRITE (NWRT7,1440)
WRITE (NWRT7,1440)
WRITE (NWRT7,1460)
WRITE (NWRT7,1470)
WRITE (NWRT7,1480)
WRITE (NWRT7,1420)
WRITE (NWRT7,1430)
WRITE (NWRT7,1480)
WRITE (NWRT7,1420)
WRITE (NWRT7,1430)
WRITE (NWRT7,14290)
WRITE (NWRT7,1420)
WRITE (NWRT7,1430)
WRITE (NWRT7,1410)
WRITE (NWRT7,1410)
WRITE (NWRT7,1440)

IF (NWRT7.EQ.NWRTU)

CONTINUE
RETURN

C--FORMAT STATEMENTS

o

GO TO 31¢C

JS,FLFR(JS)
GAM,ARTEM,TIPTEM, RHOTP, OMTEM, ZMSFL
REDTEM,VELTEN

MBITS, MBOTS,MMTS, MBBT, NBL,NSPL1,NSPL2,NRSP, NSLTS
LRVB,LCSS,LWCR, LIPS

RVTHI,RVTHO

CHORD, STGR

RI1, BFTI1,RO1,BETO1

(ZMSP1(IS),TS=1,NSPL1)
(THSP1(IS),IS=1,NSPL1)

RI2,BETI2,R02, BET 02

(ZMSP2(1S),1S=1,NSPL2)

(THSP2 (IS),IS=1,NSPL2)

(ZMRSP(IS),IS=1,HM)

(RMSP (IS) ,TS=1, MH)

(BESP (IS),I5=1,MM)

(WWHCRSL(IS,JS),TS=1, M)

(PLOSSL(IS),IS=1,4H)

IIMESH,IISLIN,IIBSUR, TIPLOT,IIDERG
WRITE(NWPT4, 1307)

1005 FORMAT (///45X,39 (1H*) /45X, 39H**%* TNPUT DATA POR TSONIC PROGRAM
1h%% /50X ,29 (1H*) //)

1010 FORMAT (/53X,23 (1H*) /53X,23H*
153X,18H* ITERATION NO. ,I2,3H
FORMAT (/52X,25 (1H*) /52X ,25H*

152X,19H*  ITERATION NO. ,I2,4H  */52X,25 (1H¥)////)

1030 PORMAT (/52X,25(1H*) /52X ,25H% FOLL  MASSFLOW */U42X, 45 (1H*) /
T42x, 1H*, 12X, 19HTRANSONIC SOLUTION, 12X, 1H*/42X,45H* BY VELOCITY G
2ZRADIENT APPROXIMATE METHOD */35X,59 (1H*)/35X,59H* ALL YELOCITIES
3 SMALLER THAN CHOKING MASSFLOW SOLUTION */25X,59 (1H*) ////)

1040 PORMAT (/52X,25 (1H*) /52X,25H* FULL  MASSFLOW */42%,45 (1H*) /
142X, 1H*, 12X, T9HTRANSONIC SOLUTION, 12X, 1H*/42X,45H% BY VELOCITY G
ZRADIENT APPROXIMATE METHOD */35X,59 (1H*) /35X,59H* ALL VELOCITIRS
3 LARGER THAN CHOKING MASSFLOW SOLUTION  */35X,59 (1H¥)////)

1050 FORMAT (2X,76 (1H*) /2X,38H* TSONIC TNPUT STREAMLINE NUMBER, I3
1,234 STREAM FUNCTION =,F8.4,UH  */2X,110 (1H*) 72X, 110H* NOTE
2 -= THE ORIGIN FOR MERIDIONAL AND TANGENTIAL COORDINATES ON THIS B
3LADE SECTION IS THE TSONIC ORIGIN, #%/2X,93H* THAT IS, THE FARTHE
4ST POINT UPSTREAM ON THE LEADING EDGE RADIUS. THE MERIDL COORDIN
SATES,16X,1H*/2X,95H* WHICH HAVE A DIFFERENT ORIGIN, HAVE BEEN SHI
6FTED BY THE PROGRAM TO GIVE THESE TSONIC INPUTS., 14X, 1H*/2X,

7110 (1H*) //)

REDUCED MASSFLOW */53X,23 (1H%) /
*/53%,23(108%) ////)

1C2¢ FUOLL HMASSFLOW

*/52X,25(1H*) /
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1055 FORMAT (2X,116 (1B*)/2X,99H* NOTE =-- ZMSFL AND THE BESP ARRAY IN
1 THE FOLLOWING OUTPUT HAVE BOTH BEEN MULTIPLIED BY BFACTR =,G14.7,
230 */2X,116(1H*)///)

106C FORMAT (5X,3HGAM,13X,2HAR,13X,3HTID,11%X,SHRHOIP, 1M X,5HOMEGA, 12X,
1SHZMSFL)

1070 FORMAT (S5X,6HREDFAC,8X,6HVELTOL)

1087 PORMAT (5X,S53HMBI  MBO MM MBBI  NBL NSPL1 NSPL2 NRSP NS
1L)

1090 FORMAT (5X,22HLRVB LOSS LWCR LIPS)

1122 FORMAT (5X,SHRVTHI,10X,SHRVTHO,11X,4HFSMI,11X,4HFSMO, 11X, 6HSSHT,
111X, 4HSSNH2)

111C FORMAT (5X,SHCHORD,19X,LHSTGR,42X,5HDELTA, 10X, 6HTHSTAK)

112C FORMAT (//5X,25HELADF SURFACE 1 *x%x%% 15X,3HRT1,12X,5HBETI1,
110X, 34R01, 11X, SHBETO 1)

113C FORMAT (//5X,SHPOINT,6X,SHZMSP1,1CX,SHTHSP1,6X, 1"HDERIVATIVE, 3X,
114H2ND DERIVATIVE,3X,9HCURVATURE,BX,6HRADIUS)

1140 FORMAT (//5X,2SHBLADE SURFACE 2 **%%%, 15X, 3HRT2, 12X, 5HBETT2,
110X, 34R02, 11X, SHRETO?2)

1150 FORMAT (//5X,5HPOINT,6X,5HZMSP2, 10X, 5HTHSP2,6X, 1DHDERIVATIVE, 3X,
11UH2ND DERIVATIVE,3X,9HCURVATURE,8X,6HRADIUS)

1160 FORMAT (//5X,29HSTREAM CHANNFL DATA  #*%%%x//5Y ,5HPOINT, 6X,
15HZMRSP, 10X, 4HRMSP, 10X, U4HBESP, 10X, SHWCWCR, 17X, 5HPLOSS, 19X, 4HDBDM,
210X, 6HD2BDM2)

1170 FORMAT (//5X,36HIMESH ISLINE TIBSURF TIPLOT IDERUG)

1200 FORMAT (/2X,62HA LEADING EDGE RADIUS COULD NOT BE OBTAINED IN 1(CO
1ITERATIONS./2X,64HRT1, RI2, BETT1, BETI2, STGR, DELTA, AND THSTAK
2MAY BE IN ERROR////)

121C FORMAT (/2X,63HA TRAILING FDGE RADIUS COULD NOT BF OBTAINED IN 100
1 ITERATIONS./2X,49HRO1, RO2, BETO1, BETO2, AND STGR MAY BE IN ERRO
2R.////)

130C FORMAT (1HT)

131C FORMAT (1X,G14.7,7G15.7)

132C FORMAT (27X,I4,2X,I4,3%,I4,3X,I4)

1337 FORMAT (2X,UI6)

134C FORMAT (19X,F6.4)

135" FOEMAT (1X,G14.7,1X,G14.7,32%,2G15.7)

1367 FORMAT (40X,4G15.7)

137, FORMAT (3X,15,2%X,6G15.7)

138C FORMAT (3X,I5,2X,5G15.7,8X,2G15.7)

140C FORMAT (5X,17THSTREAMLINE NUMBER,I3,23H -- STREAM FUNCTION =,
1F8.4)

141C FORMAT (8F10.5)

1420 FORMAT (BF10.6)

1430 FORMAT (8FP10.7)

1440 FORMAT (1615)

145C FORMAT (F10.5,2F10.4,F10.7,F10.3,F10.8)

1460 FORMAT (2F10.4)

1470 FORMAT (F10.6,F10.7)

1480 FORMAT (F10.7,F10.4,F10.7,F10.4)

END

SUBROUTINE SLPLOT
C

C--5LPLOT PLOTS THE STREAMLINES IN THE HUB-SHROUD FLOW PLANFE
o
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C

ang
NdnuLAay
(V) ZSHD§T TTYD

COXYMON NREAD,NWRIT,TTER,TZND,NWRTT, NWRT2, NWET2, NWPTL, NWRTE, NARTE
CO¥MON/INPUTT/GAY, AR ,¥XSFI,04%TGA, REDFAC, VELTOL, FNEW, DNTW ,M3T, MP0,

MM ,MHT,NBL, NHUB,NTIP,NIN,NOUT, NBLPL, NPPP, NOSTAT, NST., NL.OSS,

LSFR,LTPL,LAMVT,LROT,L3LAD,LETFAN,ANGROT, TMESH, TSLINE,

ISTATL,IPLOT,ISUPER,TTSON,IDEPIG,ZCMIN,ZCMBT, ZOMRO, Z0MONT,

ROMIN, ROMBT,ROMBO,ROMOUT, ZHIN,ZTIN,ZHOUT, ZTOUT, RHIN, RTTN, RHOUT,

RTOUT,TITLEI (27),2HUR (50) , RHUR(SY) ,ZTIP(F7),PTTP (5)),SFIN (%),

RADIN (5G),TIP (57) ,PRIP(57),LAMIN (57) ,VTHIN(5") ,SFOUT (57),

RADOUT (5M) , PRCP(57) ,LOSOUT(53) ,LAMONUT (50) , VTHOUT (S5V),

BETALE (50) ,RETATE (53) ,ZHST (57) ,ZTST (5)), FHST(57) ,aTST(57),

FLFR(52) ,PERCRD(52) , PERLOS (5() , ZBL(50,50) ,RBL (5",5"),

THBL (50,50) ,TNBL(5,59) ,TTBL(5",57) , TH1RL (5(,57) ,TH2RL (50, 5")
COMMON/SLCOM/TILS (52),ITS(5C) ,2SL (127,5%) ,RSL (100, 8% , MSL (127,57,
1 WZSL(15%,50) ,¥RSL(167,53%),¥M5L(190,50) , WTHSL(177,50),

2 ALPSL(120,50) ,BETSL(10G,50),WSL(17,57), WWCRSL(1(1,50),
3 CURVSL(10(,50),WLSSL(100,57) ,¥TSSL(109,57)
COMMON/PLTCOM/ZLRN3,ZRRNG, KBRNG, RTRNG, ZHPLT (16C) , RHPL™ (177,
1 ZSPLT(109) ,RSPLT (197),2LPL™(10C) ,RLPLT (1("),ZTPLT (10",
2 RTPLT (100)

DIMENSION TITL1(1"),TITL2(2),TITL3(3),TITLL(11),TTTL5(5)

DATA TITL1/'STRE','AMLI',"NE P','LOT$','C18L",'2TN ', "MERT', "DION'
1,'AL P','LANE'/

DATA TITL2/'Z D','IREC','TION'/

DATA TITL3/'R D','IREC','TION'/

DATA TITL4/'SUBS?','ONIC',*$5C1S*, 'OLUTY, YTON$',"C2IT!, "ERAT', "TONG!"
1,'CINOY, "', " XXXX"/

DATA TITLS5/'TRAN','SONI','C3C1','SOLUY,"TION'/

DATA SYM/'X'/

IF (IPLOT.LE.M) RFTURN

IF((ITER/IPLOT) *IPLOT.NE.ITER,AND.ITER.NE, 1) RETURN

- O XN DN E WA

C--PLOT THE ITERATION NUMBER

C

CALL LRCHSZ (4)

CALL LRGRID(1,1,(.8,C.0)

CALL LRCNVT (ITER,1,TITL4 (11),1,4,C)
IF (IFEND.LE.N) CALL LRLEGN(TITLY,u4u,C
IF (IEND.GT.)) CALL LRLEGN(TITLS,23,7

- =

C--PLOT BLADE GEOMETRY AND STREAMLINES

C

CALL LRMRGN (1.3,1.%,2.7,1.7)

CALL LRANGE(ZLRNG,ZRRNG,RBRNG,RTRNG)
CALL LEGRID(-1,-1,1.2,1.7)

CALL LRLEGN (TITL1,40,%,3.5,C.7,7.0)
CALL LRCHSZ{2)

CALL LRLEGN (TITL2,12,0,4.5,1.¢
CALL LRLEGN(TITL3,12,1,0.4,4.5
CALL LRCHSZ (4) _

CALL LRCURV(ZHPLT,RHPLT, ifC,2,5YH,0.M)
CALL LRCURV (ZSPLT,RSPLT,100,2,5YM,n,0)
IF (MBT.EQ.C) GO TO 5

CALL LRCURV (ZLPLT,RLPLT,100,2,5YM,".")
CALL LRCURV(ZTPLT,RTPLT,100,2,5YH,7.0)

C--PLOT STREAMLINES
5 EOP = C.0C

CALL ROTATE (-ANGROT,ZS1,RSL,MM,NSL,1C0,50,25L,RSL)
DO 10 JS=1,NSL

IF (JS.EQ.NSL) EOP=1,0

CALL LRCURV(2ZSL(1,JS),RSL{1,JS),MM,2,SYM,EOP)

CALL LRCURV(ZSL,RSL,C,1,SYM,1.0)
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SURKOUTINE SVPLOT

o

C--SVPLOT PLOTS THE MEAN STREAM SUFFACE AND BLATE SURFACT ONTPUT

C--VFLOCITIES ALONG ALL STREAMLINES

c

COMMON NREAD,NWRIT,ITER,IEND,NWRT1,NWRT2,NWET3,NWRTL,NWRTS, NWRTF

COMMON/INPUTT/GAM,AR,MSFI,0OMEGA, REDFAC, VELTOL, FNFW, DNFW,M31,4EO,
MM, MHT, NBL,NHUB,NTIP,NIK,NOUT,NRLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN, ANGRCT, IMESH, TSLINE,
TSTATL, IPLOT, ISUPER, ITSON, TDEBUG, ZOMIN,ZCMRI,ZCMBO, Z0OMDTIT,
ROMIN,ROMBT,RCOMBO,ROMCUT , ZHIN,ZTIN, ZHOUT, ZTOUT, KHIN, ETIN, RENT™,
RTOUT, TITLET (23) ,7HUR(5C) ,RHU3(5Y) ,ZTIP(5C),PTIP(5%) ,SFIN(®"),
RADTN(50), TIP({5Y) ,PRIP(5v) ,LAMTN (5") ,VTHIN(5"),5FOUT (37),
RADOUT (59) , PROP (50) ,LOSODT (57) ,LAMOUT (57) ,VTHOUT (57) ,
BETALE (59) ,BFTATE (5%) ,ZHST (5") ,ZTST(5") ,FHST(5") ,RT3T(5™),
FLFR{59) ,PERCRD (57) ,PERLOS (5") ,28L(5",5%) ,RBL(5),57),
THBL(57,50) ,TNBL(5%,5%) , TTBL(5),5¢), THIET (57,5G) ,TH2ZBL (5,57)

COMMON/SLCOM/TLS(5C),TTS(5C) ,ZSL(102,50) ,RSL (107,5%), ®SL(127,5"7)

1 WZSL (107,50) (WRSL (107 ,52) , WMSL (1720, 50) ,WTHSL (127,57),

2 ALPSL(107,50) ,BETSIL (190,5"),WSL(1£",5%) , WHCRSL (1C7,50),

3 CURVSL(16),53J),WLSSL (130 ,5%) ,WTSSL(1C",57)

DIMENSION TITL1(12),TITL2(9),TITL3(14),TITLL(15),

1 TITLS(16),TITIA (6),TITL7 (2)

REAL MSL,LRNG

DATA TITL1/'MERI',*DION',YAL A','ND S','NRFA','CRECY, *13u17, ' RTLAY

1,'TIVE', ' VEL','QCIT','IFS '/

DATA TITL2/' ST','REAM','LINE',' NO.', "XXXX',! LY o= Y, rYXXX!

1,'XXXX'/

DATA TITL3/'MERI','DION','AL P','ELATY, 'TVE ', *YRLNY *CITI', 'ESSCH

1,*15R6',"FOR *,"ALL ',*STRE','AMLT','NRS '/

DATA TITL4/'SUCT','ION ','SURF','ACE ', 'RFLA','TTVRY, 1 y=L','0CIT?

1,'IES$','C1$R", "BFOR', ' ALL',' STR','EAML','INFS1/

DATA TITLS/'PRES','SURE',¥ SURY,VYFACE',' KEL','ATTV', %5 VE','I0OCI'

1,'TTES!, *$C1$','RBFO', 'R AL',"L ST','REAM','LINE', 'S vy

DATA TITL6/' ME','RIDI','ONAL',' (CO','ORDI','NAT®I/

DATA TITL7/'VELO','CITY'/

DATA SYM/'X'/

IP (IPLOT.LE.0) RETURN

IF ((ITER/IPLOT)*IPLOT.NE.ITER.AND.ITFR.NE.1) KETURN

= OW NN E W -

r

c
C~~COMPUTE RANGE OF PLOTS, AND SET OP FOR PLOTTING
c
LRNG
RRNG
BRNG
TRNG
DO 30 JS=1,NSL
LRNG = AMIN1(LRNG,MSL(1,JS))
RRNG = AMAX1(RRNG,MSL (MM,JS))
IF (MBI.EQ.0) GO TO 15
ILSJ = ILS(JS)

MSL (1, 1)
MSL(1,1)
1000,

f‘

oo
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IT3J = ITS(JS)
DO 10 IS=TILSJ,TITSJ

RRNG = AMINT(BENG,WLSSL (IS, JdS))
QUNG = AMINI(BRNG,WISSL(T5,05))
TRNG = AMAX1(TENG,WLSSL(T3,JS))
17 TRNG = AMAXT(TRNG,YTS3L(TS,.09))

15 DO 2f I5=1,44
BRNS = AMINT(BPNG,HSL(IS,J5))

20 TRN¥G = AMAX1(TRNG,¥SL(I%,J5))

¢ CONTINUE
CALL LRMRGN (1.7,1.0,2,7,1,7)
CALL LRANSE(LRNG,RRNG,RFNS, TFNA)
CALL LRGRID (1,1,11,2,11,7

C--PLAT VELOCITIES ON EACH STREAMITX®
C
DAY Ui JS=1,NSL
FOP = 7,0
TF {(MBI.EQ.D) EOP=1.9
CALL LECHSZ (4)
IF (JS.EQ.1) CALL LRLFGN(TTTI1,43,%,2,5,7,7,C,0)
CALL LRCHSZ (3)
CALL LRCNVT (JS,1,TITL2(S),1,4, )
CALL LRCNVT (FLFR(J5),3,TI"L2(4),2,8,4)
CALL LRLEGN(TITLZ,36,7,2.2,9.5,0.7)
CAL), LECHS7Z (2)
CALL LRLEGN(TTTLE,24, ,3.4,1.2,7.")
CALL LRLEGN(TITL7,8,1,5.2,4.9,(,")
CALL LRCHSZ (4)
CALL LRCURV (MSL(1,JS),WSL(1,JS),M%H,2,S5Y¥,73."7)
CALL LRCURV (MSL(1,J5),WSL(1,J%),44,4,5Y4, 50P)
IF (MBI.EQ.Y) GO TO 4~
ILSJ = TLS (JS)
MBLD = ITS(JS)-TLS(JS)+1
CALL LRCURV (MSL(ILSJ,JS),WLSSL{ILSJ,JS),MBLD,2,5YN,C. )
CALL LRCORV (MSL(ILSJ,JS) ,¥LSSL(TLSJ,JS),MRLD,L,S5Y%,", )
CALL LRCURV (MSL(IL5J,JS),WTSSL(TLSJ,J5),M0LD,2,5Y4, .
CALL LRCURV (MSL(IL3J,JS),¥TSSL(IL5J,JS),MDLD,b4, Y™, 1,
40 CONTINUE

2

)
")

o
C--PLOT MERIDIONAL VFLCCITIFS FOR ALL STREAMLINES
C
CALL LRGRID(3,3,11.0,11.7)
CALL LRLEGN(TITL3,56,7,1.7,C.7,5.0)
CALL LRCHSZ (2)
CALL LRLEGN(TITL6,24,0,3,4,1.3,3.0)
CALL LRLFGN({TITL7,8,1,0.2,4.9,0.%)
CALL LRCHSZ (4)
EOP = 0,0
DO 59 JS=1,NST
IF (JS.EQ.NSL) EQP=1,"
5 CALL LRCURV (MSL(1,JS),WSL(1,JS),MH,2,SYM,EOD)
CALL LRCHSZ (D)
IF (MBRT.FEQ.C) RETURN
C
C--PLOT SUCTION SURFACE VELOCITIES FOR ALL STREAMLINES
c
CALL LECHSZ (4)
CALL LRLEGN (TITL4,6C,0,1.2,0.7,0.0)
CALL LRCHSZ (2)
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CALL LYLEGN(IITLA,28,  ,3.8,1,3
CALL TFLFGN(TITL7,3,1,%,2,4,
CALL LECHEZ (4)

Eop = €,7

PO 67 JS5=1,NSL

TF (JS.EQ.NSL}) FOoP=1,7

ILSJ = TLS (JS)

MBLD = ITS({JS)-ILS(JS)+1
CALT. LECHPV(MSIL(ILSJ,JS) WLSSL(TLSJ,J3) ,MRBLD, 2,5YM, FOP)

— -
.
-

Ry
.

3
~—

C-=FLOT PRESSUFI SURFACT VELOCTTIWS FPOR ALL STRFAMLTNES

CALL LELEGN(TITLS,FL,",1.2,0.,7,%."7)
CALT LTCESZ (2)

TP LFLFGN(TITLG, 24,0 ,3.6,1,5,0.7)

CALL LFLEGN({TITLT,R,1,7,2,4,9,7.7)

CALT LRCHSZ (4)

NP = 0,0

DO 79 JS=1,NSL

TP (J5.EQ.NSL) EOP=1.-"

ILSI = TLS (JS)

MBLD = ITS(JS)=~ILS(JS) +1

CALL LKCURV (4SL(ILSJ,JS),WTSSL(ILSJ,JS),MBLD,2,5YM, EOP)
CALL LKCUERV(ZSL,FSL,7,1,SY4,1.M)

CALL LRCHSZ (V)

RETURN

END

STYRROUTINE TVELCY

C--TVTILCY CALCULATES THE FULL MASSFLOW, TRANSONYIC SOLUTION

.
C

g-
c
C--us
C

170

1
2
3
5

~

VT E o N s

1
2
3

N5 VELOCITY GRAUDIENT FQUATIONS

COMMON NRTAD,NWKIT,ITFR,IEND,NWRT1, NWRT2, NWRT3, NWRTU, NWRTS, NWFTE
COMMON/INPUTT/GAM, AR ,MSF1,OMEGA, FEDFAC, VELTOL, FNEW, DNEW, M3T, MRO,
“M,MHT,NDPL, NHUG, NTIP,NIN, NOUT, NBLPL, NPPP, NOSTAT, NSL, NLOSS,
LSFR,LTPL, LAMVT,LROT,LBLAD,LETEAN, ANGROT, TMESH, ISLTNE,
[STATL,TPLOT, TSUPFR,ITSON, IDEBUG,Z0MIN,Z0OKBT, ZOMRO, Z0MO T,
ROMIN,ROMBI,ROMBG,ROMOUT, 7HTIN,ZTIN,ZHOUT, ZTOUT, RHIN, RTT N, RHOUT,
RTOUT, TITLEI (27) ,ZHUB (57) ,RUTE(57) ,Z2TIP(5C) ,RTIP (R7),SFIN(50),
"ADIN(5"),TIP(5) ,PRIP(57),LAMIN (5C) ,VTHIN (5) ,SFOUT (57) ,
xADOUT (5C) ,PRCP (57) ,TC500T (57) ,LAMOUT (50) , VTHOHT (57) ,
BETALL (5C) ,BETATE(5") ,7HST (57) ,ZTST(50), PHST (50) ,R™ST(50) ,
FLFR(5") ,PERCBD(57) ,PERLOS(50) ,28L(51,50) ,RBL (57,57) ,
THBL(50,50) , TNBL(5C,%") , TTBL (57 ,59) ,THIBL (50, 5C) ,TH2BL (50,57)
COMMON/CALCON/YMM1,MHTP1,CP, FXPON, T5R0OG, PTTCH,RLER, RLET,RTEH, RTET,
ZLE(5C) ,RLE(5C) ,ZTE(57) ,RTE(S(C) ,ZLEOM (1C1) ,RLEOM (17 1),
SLEOM (121) , THLEOM (10 1) ,ZTFOM (111) ,RTEOM (101) ,STEQM (101) ,
THTEOM (101) , ILE(1C 1), ITE(121) ,20M(1720,101) ,ROM(100,101) ,
S04 (113,101),TOM (100, 171) ,RTH (127,12 1) ,DTHDS (17,10 1),
DTHDT (1€5,121), PLOSS (100,10 1) ,CPHI (100,101) ,SPHI (107,101)
COMMON/VARCCM/A (4,100,101) ,U0M (100, 1C1) ,K(10C,101) ,RHO (100,10 1),
WSUBS (12¢,1C1) ,WSURT (100 ,171) ,WSUBZ (127, 101) ,WSTBR (10, 10 1),
WSUBM (100, 101) ,WTH(IN0, 101y, VTH (10D, 101) , W(100,101),
ALPHA (137,101) ,RRTA (107, 101) ,NHCR (102, 101) ,CIRV (10N, 101),



C

4  WLSURF(100,101) ,WTSORF (107, 101),CARP (100,101) ,SAMP (100,101,

5  RHOAV(12C,101) ,DELRHO(10%,101),FT(120,1C1) ,DFDM(130,1C1),

6  XTOM(100,101) ,ZETOM(179,101),DLDU (100, 101)

DIMENSION DWMDS (100),DWTDS(1G7%) ,TVERT (111),
WMVERT (101) ,WTVEZRT (121) ,TWLM? (121) ,CPTIP (101) ,RCARB (171),
DWMVER (1C1) ,DWTVER (171) ,ATVEL (171) ,BTVEL (101) ,CTVEL (171),
DTVEL (101) ,ETVEL(1)1) ,FTVFL(191) ,LAMBDA (101) ,LAMBDO (171),
TIPT(121) ,RHOIP (10 1) ,UNEW (171) ,DWMDM (10C, 16 1), DWTDM (107, 10 1),
DWMDT (10G, 191) , DHTDT (107, 101)

REAL MSFL,LAMBDA,LAMRDO,LAMOUT,LAMIN,LAMDAF,MAXFLO, MINFLO

LOGTCAL REPEAT

[FLN R FURL S R

C--RESTOR® FULL MASS FLOW VALUES, AND RETNITIALIZE LAMDAP AND RVTHTA

C

C

IZND = IEND+1
Jz = 1

TP (ISUPER,FQ.2) JzZ=2

IF (ISUPER.EQ.2) GO TO 5%
WRITF (NWRIT,1040)

OMEGA = OMEGA/REDFAC

MSFT. = MSFL/REDFAC

DO 10 J =1,NIN

LAMIN(J) = LAMIN({J)/REDFAC
VTHIN(J) = VTHIN(J)/REDFAC
DO 20 J =1,NOUT

LAMOUT (J) = LAMOUT(J) /REDFAC
VFHOUT (J) = VTHOUT (J) /REDFAC
CALL LAMNTT

IF (MBI.N®.C) CALL RVTNIT

C--CALCULATE PARTTIALS WITH RESPECT TGO T OF WSUBM AND WTH

C

C

47

DO 4C 1I=1,MHM

DO 3C J=1,MHTP1

DFDM (I,J) = DFDM(I,J)/REDFAC

TVERT (J) = TOM(I,J)

WMVERT(J) = WSUBM(I,J)

WTVERT (J}) = WTH(I,J)

CALL SLOPES(TVERT,WMVERT,MHTP1,DWMVER)
CALL SLOPES(TVERT,WTVERT,MHTP1,DWTVER)
DO 40 J=1,MHTP1

DWMDT (I,J) = DWMVER (J)

DWTDT (I,Jd) = DWTVER(J)

C--CALCULATE PARTIALS WITH RESPECT TO S OF WSUBM AND WTH, AND THEN
C--CALCULATE PARTIALS WITH RESPECT TO M OF WSUBM AND WTH

C

C

5¢C

55

DO 50 J=1,MHTP1 ,

CALL SLOPES (SOM(1,J) ,WSUBM(1,J),MH, DEMDS)

CALL SLOPES (S0M(1,J) ,WTH(1,J),MM,DWTDS)

DO 50 I=1,MM

DWMDM(I,J) = (DWMDS(I)*CAMP(I,J) +DWMDT(I,J)*SAMP(I,J)) /REDFAC
DWTDM (I,J) = (DWTDS(I)*CAMP(T,J) +DWTDT (I,.J) *SAMP (I,J))/REDFAC
RTOLER = 1,E-4

MEAN = MHT/2+1

CHLIM = MSFL*FLOAT (NBL)

UNE4 (1) = 0.,

C--INITIALIZE VARIABLES FOR LOOP ON VERTICAL MESH LINES

17



i

LINC =
ICOUNT
IREVRS
ITEMIN
ITEMP =
IMAX
IRCR
I =¢C

i uno

2
7

& D aQa
= 3

MM

C--SCLVE VELOCITY GRADIENT EQUATIOK ON FACH VERTICAL MESH LINF

C--BFGINNING OF LCOP ON VERTICAL MESH LINES

I =
IF
WHUB =
DELMAX =
WMAX =
WMIN =
MAXFLO
MINFLO
NADD
NSUB
NREP
NCOUNT

[ T ||
HOSDOon

LCULATE

I+INCR
(L.GT.
W(I,1)/RELFAC

MM) GO TO 290

W(I,MEAN) /20, /REDFAC

WHNDB
WHUOB

-1.21¢
1.E1C

2

COEFFICIENTS A, B, AND D FOR THE VELCCITY GRADIENT EQUATION

C==INITIATIZT COEFFICIENT C TO ZERO

o
C

60
C
C-=~Ch
C

7c
C

C--CORRECT FLOW ANGLES AT LEADING

C

Do 80

LAMRDA (J)
IF (MBI.NE.G)

TIPT (J)

RHOTP (J)
BTVEL (J)
CTVEL (J)
DTVEL (J)

IF(I.LT,ILE(J
SIN (ALPHA (I, J))
SIN(BETA(I,J))
= COS(BETA (I,J))

SAL =
SBETA =
CBETA
ATVEL (J)

J=1,MHTP1

= LAMDAF (UOM(I,J),TI,J)
G) LAMBDO(J) = RVTHTA (MOM(T,J),I,J)
TIPF (UCH (I,J))

RAOTPF (NOM(I,J)) *(1.-PLOSS (I,Jd))

OD

0.

0.

HoHouou

«OR, T.GT.ITE(J)) GO TO 77

= CBETA**Z*CAHP(I,J)*CURV(I,J)-SBETA**2*CPHI(I,J)/

1ROM(I,J) #+DTHDT(I,J) *SAL*CBETA*SBETA

BTVEL (J)

1+ROMA (I,J)

GO TO 72
ATVEL (J)
DTVEL (J)

= CBETA*SAMP (I,J)*DWMDM (I, J) -2, *OMEGA*SBETAXCPHI (I, J)
*DTHDT (I,J) *CBETA* (DNTDM (I, J) +2. *OMEGA*SAL)

CAMP(I,J)*CURV(I,J)
DRMDM (I, J)*SAMP(I,J)

AND TRAILING EDGES, ANALOGOUS TO INDEV

72 IF (INCR.LT.0) GO TO 75

IF (I.EQ.
IF (LINC.

IMAX = I
IREVRS =
ICOUNT =
GO TO 80

ILE(J)) CALL LINDV(J,LINC,ICOUNT) o
NE.1) GO TO 80

1
0

75 IF (I.EQ.ITE(J)) CALL TINDV(ITEMP,J,ICOUNT)
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ITEMIN = ﬂINO(ITEHIN,ITEMP)

8C CONTINNE
IF (LINC.EQ.1) INCR=-1
C
C--CALCULATE C COEFFICIENT FOR THE VELOCITY GRADIENT EQUATTON AND OTHFR
C--CONSTANTS FOR CHECKING CONTINUITY -- BEGTY OUTER ITERATION PROCEDURE
c 7 ,
90 DO 120 J=1,MHTP1

C

102
110

12¢

OMR2 = OMZGA¥ROM(I,J)*%2
THLMR(J) = 2.*OMEGA*LAMBDA (J) -OMEGA*OMR2

CPTIP(J) = 2.*CP*TIPT(J)

IF(I.GE.ILE(J)) GO To 150

WHIRL = LAMEDA(J)

GO TO 110

IF(I.LE.ITE(J)) GO TO 120

WHIRL = LAMBDO (J)

CTVREL(J) = -(WHIRL-OHRZ)/POM(I,J)**2*(CURV(T,J)*(WHIRL-OHP2)*
1CAMP(I,J)+(WHIRL+OMR2)/ROM(I,J)*CPHI(I,J))

RCARB(J) = CAMP (I,J)*ROM (I,J)*BTH (I, J)

C--CALCULATE COEFFICIENTS E AND F FOR THE VELOCITY GRADIENT EQUATTION

C

C

130

TPp = TIPT(1)-TWLMR(1)/2./CP
IF(TPP.LT.{.) GO TO 300

PRI'L = PHOIP(?)*AR*TIPT(1)*(TPP/TIPT(1))**(GAM*EKPON)
DO 135 J=2,MHTP1T

DTIP = TIPI(J)-TIPT(J-1)

DLAY = LAHBDA(J)-LAMBDA(J-1)

TPPN = TIPT(J)-TWLHR(J)/2./CP

IF (TPPN.LT.N.) GO T0 320 )

PRELN = RHOIP(J)*AR*TIPT(J)*(TPPN/TTPT(J))**(GAH*EXPON)

DTPP = TPPN-TPP

DPREL = PRELN-PRFL

ETVEL(3-1) = CP*DTIP-OHEGA*DLAM-CP*DTPPfAR/(PRELN*PREL)*(TPPN+TPP)
1*DPREL '

FTVEL (J-1) = DTPP/(TPPN*TPP)-AR/CP*DPRRL/(PFELN*PREL)

TPP = TPPN

PREL = PRELN

C-~-OBTAIN NUMERICAL SOLUTION TO THE VELOCITY GRADIENT EQUATION
C~-FOR AN ESTIMATED VAIOF OF W AT THE HUR

C

(o

REPEAT = ,FALSE.

C~-RESTART QF INNER ITERATION PROCFDURE

cC

140

IND = 1

C--CONTINUATION OF INNER ITERATION PROCEDURE
C--BEGIN VELOCITY GRADIENT SOLUTION AT HIUB

c

150

W(I,1) = WHUB
NCOUNT = NCOUNT+1

C~-CALCULATE RVA AT THF HUB

W5Q = WHUB*#*2

TTIP = 1.-(USQ+TWLMR(1))/CPTIP(1)

IF (TTIP.LT.0.) GO TO 220

RHO(I,1) = RHOIP (1) *TTIP**EXPON

IF (I.GE.ILE(1).AND.I.LE.ITE(1)) GO TO 160
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C--RVA OUTSIDE OF THE ELADE
WHIRL = LAMBDA (1)
IF (I.GT.ITE(1)) WHIRL = LAMBDO(1)
SRETA = (WHIRL/ROM(I,1)-CMFGA*ROM(I, 1)) /WHUR
IF (ABS (SBETA) .GT.1.) GO TO 21¢
BETA (I,1) = ARSIN(SBETA)
CBETA = COS(BETA(I,1))
RVA = RHO(I,1) *WHUB*CBETA*RCARB (1)
G0 TO 170
C--RVA INSIDE OF THF BLADE
15C WLSRF = WHUB+DFDM(I,1)/2.
WSQ = WLSRF**2
TTIP = 1.- (WSQ+TWLMR (1)) /CPTIP(1)
IF (TTIP.LT.0.) TTIP=0,
RHOL = RHOILP (1) *TTIP**EXPON
WTSRF = WHUB-DEFDM (I, 1) /2.
WSQ = WTSRF**2
TTIP = 1.-(GSQ+TWLMR(1))/CPTIp(1)
IF (TTIP.LT.0.) TTIDP=
RHOT = RHOIP(1)*TTIP**EXPON
RHOWAV = (RHOLXWLSRF+U,*RHO (T, 1)*WHUB*RHOT*HTSRF)/6
CRETA = COS(BETA(I,1))
RVA = RHOWAV*CBETA*RCARE (1)
c
C--CONTINUE VELOCITY GRADIENT SOLUTION UP VERTICAL MESH LINE FROM HUB
C--TC SHROUD
o
170 DO 200 J=1,MHT
DFLTA = TOM(I,J+1)-TOM(I,J)
WAS = W(I,J)+(ATVEL(J)*W(I,J)+BTVEL (J)+CTVEL(J)/W(I,J) ¢CBETA*
1DTVRL (J) ) *DELTA+ETVEL (J) /W (I, J) + FTVEL (J) *W (I,J) .
c
C--CALCULATE RVAS AT POSITION J+1 ON VERTICAL MESH LINE
IF (I.GE.TILE(J+1).AND.T.LE.ITE(J+1)}) GO TO 180
C--RVAS OUTSIDE OF THE BLADE o :
WHIRL = LAMBDA (J+1)
IF (I.GT.ITE(J+1)) WHIRL = LAMBDO(J+1)
YTHETA = (WHIRL/ROM(T,J+1)-OMEGA*ROM(I,J+1))
SBETA = WIHETA/WAS
IF (ABS (SBETA) .GT.1.) GO TO 217
BETA (I,J+1) = ARSIN(SBETA)
18C CBETA = COS(BETA(I,J+1))
WASS = W(I,J)+(ATVEL(J#71)*WAS+BTVEL (J+1) +CTVEL(J+1)/WAS+CBETA*
1DTVEL (J41) ) ¥DELTA+ETVEL (J) /WAS+FTVEL (J) *WAS
W(I,J+1) = (WAS+WASS)/2.
WSQ = W(I,J¢1)**x2
TTIP = 1.-{HWSQ+TWLMR (J+1)) /CPTIP (J+1)
IF(TTIP.LT.0.) GC TO 220
RHO(I,J+1) = RHOIP (J+1) *TTIP**EXPON
IF(I.GE.ILE(J+1) .AND.I.LE.ITE(J+1)) GO TO 190
SBETA = WTHETA/W (I,J+1)
IF (ABS (SBETA).GT.1,) GO TO 210
BETA (I,J+1) = ARSIN(SBETA)
CBETA = COS (BETA(I,J+1))
RVAS = RHO(I,J+1)*W (I,J+1) *CEETA*RCARB(J+1)
GO TO 195 .
C--RVAS INSIDE OF THE BLADE
19C WLSRF = W(I,J+1) ¢DFDM(T,J+1) /2.
WSQ = WLSRF**2
TTIP = 1.-(WSQ+TWLMR (J+1)) /CPTIP (J+1)

174



IF (TTIP.LT.Z.) TTIP=9,
RHOL = RHOIP(J+1)*TTIP**EXPON
WTSRF = W(I,J+1)-DFDM(I,J+1)/2.
WSQ = WTSRF*%2 ’
TTIP = 1,-(WSQ+TWLMR(J+1))/CPTIP(J+T)
IP (TTIP.LT.0.) TTIP=0,
RHOT = RHOIP(J+1)*TTIP**FXPON , :
RHOWAV = (RHOL*WLSRF+U4.*RHO(I,J+1)*W(I,J+1) +RHOT*WTSRF) /6,
CBETA = COS (BETA(I,J+1))
RVAS = RHOWAV*CBETA*RCARR(J+1)
o
C--INCREMENT THE MASSFLOW o
195 UNEW (J+1) = (RVA+RVAS) *DELTA/2. +UNEW (J)
200 RVA = RVAS
C
C--STORE MAX AND MIN VALUES FOR WHUB AND INTEGRATED MASSFLOW
c

MAXFLO = AMAX1 (UNFW (MHTP1) ,MAXFLO)
MINFLO = AMINT(UNEW (MHTP1),MINFLO)
WMAX AMAXT(WHUB, WMAX)

R

WMIN = AMIN1(WHUB,WMIN)
c
C--CHECK CONTINUITY AND ESTIMATE NEW VALUE FOR W AT THE HUB
c , ,
IF(IND.GE.6.AND,ABS (MSFL-TINEW (MHTP1)).LE.NSFL*RTOLER) GO TO 250
CALL CONTIN(WHUB,UNEW(MHTP1) ,IND,JZ,MSFL, DELMAX)
IF(IND.LT.10) GO TO 150
c
C--END OF INNER ITERATION PROCEDURE
c _ RE
C--IND=1C INDICATES CHOKED FLOW
IF(IND.EQ.10) GO TO 250
C--IND=11 INDICATES NO SOLUTION FOUND IN 100 ITERATIONS
GO TO 230 :
C . . - N -
C--CHANGE WHUB FOR RESTART. VELOCITTES TOO SMALL. SBETA.GT.1.0
c : 0 , .
210 WHUB = WHUB+.45%DELMAX
NADD = NADD+1
IF (NCOUNT.LT.1000) GO TO 140
GO TO 230

C :
C--CHANGE WHUB FOR RESTART. VELOCITIES TOO BIG. TEMPERATURE NEGATIVE
C
220 WHUB WHUB-.45*DELMAX
NSUB = NSUB+1
IF(NCOUNT.LT.1000) GO TO 140

]

c o
C--NO SOLUTION CAN BE FOUND. PRINT MESH OUTPUT ONLY, AND
C--OMIT STREAMLINE AND STATION LINE OUTPUT
C
230 IMESH = 1
ISLINE
ISTATL
DO 240 J=
240 UOM(I,J)
GO TO 275

» MHTP?
UoM(I,J) /MSFL

a u
H—= o0

C
C--SOLUTION OBTAINED -- CHECK ACCURACY OF UOM
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c
250 NREP = NREP+1
DO 260 J=2,MHTPI
UTEMP = UNEW(J)/MSFL
IF (ABS (UTEMP-UOM(I,J)).GT.RTOLER) REPEAT = ,TRUE.
260 UOM(I,J) = UTEMP
c
C--UPDATE PLOSS, TIPT, RHOIP, LAMBDA, AND LAMBDO
C
CALL LOSSTV(I)
DO 265 J=2,MHTP1
UTEMP = UOM(I,J)
TIPT(J) = TIPF(UTEMP)
RHOIP (J) = RHOIPF (UTEMP)*(1.-PLOSS(I,J))
LAMBDA (J) = LAMDAF (UTEMP,I,J)
265 IF (MBI.NE.C) LAMBDO(J) = RVTHTA(UTEMP,I,J)
c
C--SET WHUB, AND CHECK IF ANOTHER OUTER ITERATION IS NECESSARY
c
WHUB = W(I,1)
IP(REPEAT. AND. NCOUNT.LT.1700) GO TO 90
C
C--END OF OUTER ITERATION PROCEDURE
c
IF(IND.NE.10) GO TO 270
CHFL = UOM(I,MHTP1)*MSFL*FLOAT (NBL)
CHLIM = AMIN1 (CHLIM,CHFL)
WRITE (NWRIT,1000) I,CHFL
270 IF (.NOT.REPEAT) GO TO 280
c
C--PRINT TRROR MESSAGES IF A SATISFACTORY SOLUTION CANNOT BE OBTAINFD
c
275 WRITE (NWRIT,1010) I
IF (IND.EQ.11) WRITE(NWRIT,1050)
IF (NCOUNT.GE.1000) WRITE(NWRIT,1060)
WRITE (NWRIT,1070) MAXPLO,MINFLO,WMAX,WMIN
NRES = NADD+NSUB+NREP
IP (NRES.GT.0) WRITE(NWRIT,1080) NRES,NADD,NSUB,NREP
WRITE (NWRIT,1€90)
c
C--CHECK IF ALL VERTICAL MESH LINES HAVE BEEN DONE
C
280 IF (INCR.GT.J) GO TO 60
IF (IREVRS.EQ.1) I=MM+1
IREVRS = 0
IF (I.GT.ITEMIN) GO TO 60
IF (I.GT.IMAX+1) GO TO 60
IP (ICOUNT.LT.MATP1) GO TO 60
Cc--END OF LOOP ON VERTICAL MESH LINES
290 CONTINUE
c
C--FINISHED VELOCITY GRADIENT SOLUTION ON EACH VERTICAL MESH LINE
C--CHECK CHOKE LIMIT
c
OMSFL = MSFL*FLOAT (NBL)
CHFRMS = CHLIM/OMSPL
IF (CHLIM.GT. (0.9999%0MSFL)}) RETURN
WRITE (NWRIT,1030) CHFRNS,OMSFL,CHLIN
RETURN
300 WRITE(NWRIT,1020)
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(of

STOP

C-~-FORMAT STATEMENTS

C

(o

1000 FORMAT (1HL,10X,68HMSFL EXCEEDS CHOKING MASS FLOW FOR VERTICAL ORT
1HOGONAL MESH LINE I =,I3/12X,19HCHOKING MASS FLOW =,615.6)
1010 FORMAT (1HL,10X,85HA VELOCITY GRADIENT SOLUTION CANNOT BE OBTAINED
1 FOR VERTICAL ORTHOGONAL MESH LINE I =,I3/12X,56HANY SUBSEQUENT OU

2TPUT FOR THAT MESH LINE MAY BE IN ERRQR)

102C FORMAT (1HL,10X,60HTHE UPSTREAM INPUT WHIRL OR TANGENTIAL VELOCITY
1 IS TOO LARGE)

1030 FORMAT (1HL,10X,19HCHOKING MASSFLOW IS,F9.5,22H OF THE INPUT MASSP
1LOW/12X,16HINPUT MASSFLOW =,G13,5/12X,26HMINIMUN CHOKING MASSFLOW
2=,G13.5)

1040 FORMAT (1H1//52X,25(1H*) /52X ,25H% FULL  MASSFLOW x/42X,

145 (1H*) /42X, 1H*, 12X, 19HTRANSONIC SOLUTION, 12X, 1H*/42X,45H* BY VE
2LOCITY GRADIENT APPROXIMATE METHOD */U2X, 45 (1H*)/////)

105C FORMAT (10X,51HCONTIN COULD NOT FIND A SOLUTION IN 107 ITERATIONS.
1)

1060 FORMAT (10X,81HITERATION PROCEDURE HAD TO BE RESTARTED TO AVOID NE
1GATIVE TEMPERATURE OR VELOCITY/12X,87HMAGNITUDE LESS THAN TANGENTI
2AL VELOCITY, OR AFTER ADJUSTMENT OF STAGNATION TEMPERATURE, /12X, 29
3HSTAGNATION DENSITY, OR WHIRL./10X,8UHRESTART OF ITERATION PROCEDU
4RE (LOOP TO STATEMENT 9C) WAS ABORTED AFTER 1007 OR MORE/12X,41HTO
5TAL ITERATIONS (LONOP TO STATEMENT 150).)

1070 FORMAT (1HL,10X,63HTHE MAXIMUM MASSFLOW FOR WHICH A SOLUTION COULD
1 BE OBTAINED WAS,G16.7/10X,63HTHE MINIMUM MASSFLOW FOR WHTCH A SOL
2UTION COULD BE OBTAINED WAS,G16.7/10X,76HTHF MAXIMUM VALUE OF W AT
3 THE HUB FOR WHICH A SOLUTION COULD BF OBTAINED WAS,G16.7/10X,76HT
4LHE MINIMUM VALUE OF W AT THE HUB FOR WHICH A SOLUTION COULD BE OBT
SAINED WAS,G16.7)

1080 FORYAT (1HL,10X,37HTHE ITERATION PROCEDURE WAS RESTARTED,IS,fH TIM
1ES/12X, 18HWHUB WAS INCREASED,I4,6H TIMES/12X,18HWHUB WAS DECREASED
2,14,6H TIMES/12X,53HBOUNDARY VALUES (TIPBDY, RHOIP, LAMBDA) WERE A
3DJUSTED, I4,6H TIMES)

1090 FORMAT (/10X, 120 (1H*))

END

SUBROUTINE LINDV(JARG,LINC,ICOUNT)

C--LINDV AND TINDV CORRECT THE BETA FLOW ANGLES INTO THE

C
C

--LEADING AND TRAILING EDGES RESPECTIVELY

COMMON NREAD,NWRIT,ITER,IEND,NWRT1, NWRT2, NWRT3,NWRTHL, NWRT5, NWRT6

COMMON/INPUTT/GAM, AR ,MSFL, OMEGA, REDFAC, VELTOL, FNEW,DNEW, MBI, MBO,
MM ,MHT,NBL, NHUB,NTIP,NIN,NOOT,NBLPL, NPPP, NOSTAT, NSL,NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLINE,
ISTATL,IPLOT,ISUPER,ITSON,IDEBUG,ZCMIN,ZOMNBI,ZOMBO,ZOMOUT,
ROMIN, ROMBI,ROMBO,ROMOUT, ZHIN,2TIN,ZHOUT, ZTOUT, RHIN, RTIN, RHOUT,
RTOUT, TITLET (20) ,ZHUB (50) ,RHUB {50) ,ZTIP(50),RTIP (50),SFIN(50),
RADIN (50), TIP (50) ,PRIP(50) ,LAMIN (50),VIHIN(50) ,SFOUT(50),
RADOUT (50) , PROP (50), LOSOUT (50) ,LAMOUT (50) , VTHOUT (50) ,
BETALE(50) ,BETATE (50) ,ZHST (50) , ZTST (50) , RHST (50) ,RTST(50) ,
FLPR(50) ,PERCRD(5C) ,PERLOS (50) ,ZBL(50,50) ,RBL (51,50) ,
THBL (50,50) , TNBL (50,50) , TTBL (50,50) , TH1BL (50,50) , TH2BL (50, 50)

= WO NEWN -
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C

COMMON/CALCCN/MMM1,MHTP1,CP,EXPON, TGROG,PITCH,RLEH, RLET,RTEH, RTET,
ZLE (50) ,RLE (5C) ,Z2TE(50) ,RTF(50) ,ZLFOM (10 1) ,RLEOM (11 1),
SLEOM (1C1) , THLEOM (101) ,ZTEOK (101) ,RTEOM{101) ,STEOM (101) ,
THTEOM (101) ,ILE(121) ,ITE({101) ,204(170,101),ROM(1C",101),
SOM(100,101) ,TOM(1C0,101) ,RTH (10N, 101) ,DTHDS (100,101),
DTHDT (1CC, 101),PLOSS (100,101) ,CPHI (100,101) ,SPHI (110,10 1)

COMMON/VARCOM/A (4,10C,1C1) ,UOM(150,101) ,K(160,101) ,RHO (100,101),
WSOBS(10C,1C1),WSUBT (100,1C1) ,NSUBZ (100, 101) ,¥SURR (100, 101),
WSUBM (100, 1C1) ,WTH(150,101),VTH(100,101),W(10N0,1C1),
ALPHA (100,101),BETA (100,101) ,WNCR (100, 1C 1) ,CURV (100, 101),
WLSURF(100,191) ,WTSURF(130,101),CAMP (100,101) ,SAMP (100,101),
RHOAV (100, 101) ,DELRHO(163,101) ,FT(190,101) ,DFDM (109,101},
XIOM(10¢,1C1) ,ZETOM (100, 1C1) ,DLDU (100, 10 1)

COMMON/ROTATN/ZHROT (50) , RHROT (5C) , ZTROT (50) ,RTROT (50) ,

1 ZLEOMR(101) ,RLEOMR (101),ZTEOMR (121),RTFOMR(101),

2 ZBLROT(5C,59) ,RBLROT (50,5C),Z0MROT (107,101) ,ROMROT (102, 101)

COMMON/INDCOM/NBIPC, NPPC,ZPC(51,51) ,RPC(51,51),TTPC(51,51),

1 THPC(51,51),DTHDZ{51,51) ,DTHDR(51,51) ,BTHLE(101) ,BTHTE(101),

2  BTBFLE(101),BTIBFTE(101)

DIMENSION BLINC(101) ,UBINC(101),BTBLLE(101),BLDEV(101),UBDEV (101),

1 BTBLTE(101)

REAL LAMDAF

Ul & W) -

N & W) ca

C--LINDV CORRECTS THE BETA FLOW ANGLFES INTO THE LEADING EDGE

C

C

IT = 1

JJg = 1

J = JARG

TICOUNT = ICOMNT+1
DEGRAD = 180,/3.1415927

C--CALCULATE BLADE MEAN CAMBER ANGLE AT LEADING EDGE

C

I = ILE(J)-1

ALPHLE = ALPHA(T,J)+ (SLECM(J)-SOM(I,J)) * (ALPHA(I+1,J)-ALPHA(I,J))/ -
1 (SOM{I+1,J)~-SOM(I,d))

CALL LININT(ZPC,RPC,DTHDZ,NPPC,NBLPC,51,51,7ZLECMR (J),RLEONR(J), -
1DTDZLE,II,JdJd)

CALL LININT(ZPC,RPC,DTHDR,NPPC,NBLPC,51,51,ZLEOMR (J),RLEOMR (J), -

1DTDRLE,IT,JJ)
TANBBL = RLEOM (J)* (DTDRLE*SIN (ALPHLF) +DTDZLE*COS (ALPHLE))
BTBLLE{J) = ATAN(TANBBL) *DEGRAD

C--CALCYULATE BLADE FLOW ANGLE AT LEADING EDGE, CORRECTED FOR BLOCKAGE

178

EXFRAC = (SLEOM(J)-SOM(I,J))/(SOM(I,J)-SOM(I-1,J))

BETAFS = BETA (I,J) +EXFRAC* (BETA (I,J)-BETA(I-1,J))

RHOFS = RHO(I,J) +SXFRAC* (RHO(I,J) -RHO(I-1,J))

WFS = W(I,J)+EXFRAC* (¥ (I,J)-W(I-1,J))

ULE = UOM(I,J) +EXFRAC* (UOM (I,J) -UOM(I-1,J))

TWLMR = 2.*OMEGA*LAMDAF (ULE,ILE (J),J) - (CMFGA*RLEOM (J)) **2
TIPRIM = TIPP (ULE)

I

CPTIP = 2.%CP*TIPRIN
RHOTP = RHOIPF (ULE)

_ CONST1 = TAN(BETAFS) /RHOFS*BTHLE (J) /PITCH
CONST2 = (RHOFS*PITCH*WFS/BTHLE (J)) **2/ (1. + (TAN (BETAFS) ) **2)
RHOBFN = RHOFS

TPP = TIPRIM-TWLMR/2./CP
WTHETA = WFS*SIN(BETAFS) . ,

WHSON = SQRT(2.*GAM*AR*TPD/ (GAM+1,) - (GAM~1.) /(GAM+1,) *WTHETA**2)
IF(WPS*COS (RETAFS) .GT.WMSON) GO TO 14



17 RHOBF = RHOBFN
TANBBF = CONST1*RHOBF
WSQBF = CONST2/RHOBF*%2% (1, +TANBRF*%2)
TBFTIP = 1,-(WSQBF+TWLMR)/CPTIP
IF(TBFTIP.LT.N.) GO TO 16
RHOBFN = RHOIP*TBFTIP**EXPON
IF (ABS(RHOBFN-RHOBF) /RHOBFN.GT..CD01) GO TO 10
GO TO 18
14 RHOBF = RHOBFN
TBFTIP = (RHOBF/RHOIP)** (1, /EXPON)
WSQBF = (1,-TSFTIP) *CPTIF~THLMR
KHSQBF = CONST2/ (WSQBF-CONST2XCONST 1+%2)
IF (RHSOBF.LT.0.) GO TO 16
RHOBFN = SQKT (RHSQRF) 7
IF (ABS (RHOBFN-RHOBF) /RHOBFN.GT..0001) GO TO 14
WRTTE (NWEIT,1060) J
GO TO 18
1€ RHOBFN = RHOFS
WRITE (NWRIT,1070) J
18 TANBBF = CONST1*RHOBPN
RETABF = ATAN (TANBBF)

C
C--CALCULATE DISTANCE FOR RETA CORRECTION

BLDCRD = (RLEOM(J)#RTEOM(J))/2.*(THTEOM(J)-THLEOH(J))

BLDCRD = SQRT(BLDCRD**2+(STFOM(J)-SLEOM(J))**2)

SLIDLE = BLDCED/PITCH/RLEOM (J)

DISTLE = AMIN1(.5,AMAX1(1./6.,(11.-“.*SLIDLE)/18.))*(STEOH(J)-
1TSLEOM(J)}

C
C--CORRECT BETA FOR INCIDENCE NPAR THE LEADING EDGE,
C--USING LINEAR CORRECTION FOR ANGLE
I = ILE(J)
20 SDIST = SLEGHM (J)+DISTLE-SOM (I,J)

IF (SDIST.LE.0.) GO TO 3n
BETA (I,J) = BETA(I,J)+(BETABF-BTBFLE(J))*SDTST/DISTLE
I = I#1
GO TO 20
C
C--CALCULATE INCILCENCE ANGLES
36 BLINC(J) = BETABF*DEGRAD-BTBLLE (J)
UBINC(J) = BETAFS*DEGRAD-BTBLLE (J)
IF (ICOUNT.EQ.MHTP1) LINC=1
RETURN
c
C--TINDV CORRECTS THE BETA FLOW ANGLES INTO THE TRATILING EDGE
C
ENTRY TINDV(IARG,JARG,ICCUNT)
J = JARG
ICOUNT = ICOUNT+1
c ,
C--CALCULATE BLADE MEAN CAMBER ANGLE AT TRAILING EDGE
T = ITE(J) +1
ALPATE = ALPHA (I,J)+ (STEOM(J)-SOM(T,J)) * (ALPHA(T,J) -ALPHA(I-1,J))/ -
1(SOM(I,J) -SCH(I-1,J))
CALL LININT(ZPC,RPC,DTHDZ,NPPC,NBLPC,51,51,ZTROMR (J) ,RTEOMR (J), -
1DTD2TE,IT,JdJ)
CALL LININT(ZPC,RPC,DTHDR,NPPC,NBLPC,51,51,2TEOMR (J), RTEOMR (J) , -
1DTDRTE, II,JJ)
TANBBL = RTEOM (J)* (DTDRTE*SIN(ALPHTE) +DTDZTE*COS (ALPHTE))
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BTBLTE(J) = ATAN(TANBBL) *DEGRAD
c
C--CALCULATE BLADE FLOW ANGLE AT TRATILING EDGE, CORRECTED FOR BLOCKAGE
EXFRAC = (SOM(I,J)-STEOM(J))/{SOM(T+1,J)-SOM(I,J))
BETAFS = BETA (I,J) +EXFRAC* (BETA (I,J) -BETA(I+1,J))
RHOPS = RHO (I, J) +EXPRAC* (RHO (I,J)-RHO(I+1,J))
WFS = W(I,J)+EXFRAC* (W(I,J)-N(I+1,J))
UTE = UOM(I,J)+EXFRAC* (UCM(I,J)-UOM(I+1,J))
PLOSTE = PLOSS(I,J) +EXFRAC* (PLOSS(I,J)-PLOSS(I+1,J))
TWLMR = 2.*OMEGA*LAMDAF (UTE,ITE(J),J)- (CNEGA*RTEOM (J) ) *%2
TIPRIM = TIPF (UTE)
CPTIP = 2,*CP*TIPRIM

RHOIP RHOIPPF (UTE) * (1, -FLOSTE)
CONST1 = TAN(BETAFS3) /JRHOFS*BTHTE (J) /PITCH
CONST2 = (RHOFS*PITCH*WFS/BTHTE (J)) **2/ (7.4 (TAN (BETAFS) ) **2)

RHOBFN = RHOFS
TPP = TIPRIM-TWLMR/2./CP
WTHETA = WFS*SIN(BETAFS)
WMSON = SQRT(2.*GAM*AR*TPP/ (GAM+1.) - (GAM-1.) /(GAM+1,) *WTHETA**2)
IP(WFS*COS (BETAFS) .GT.WMSON) GO TO 4u

40 RHOBF = RHOBFN
TANBBF = CONST1*RHOBF
WSQBP = CONST2/RHOBF**2% (1, +TANBBF**2)
TBFTIP = 1.~ (WSQBF+TWLMR)/CPTIP
IF(TBFTIP,LT.0.) GO TO U6
_RHOBFN = RHOIP*TBFTIP**EXPON
IF (ABS (RHOBFPN-RHOBF) /RHOBFN.GT..002%) GO TO 40
GO TO 48

4u RHOBF = RHOBFN
TBFTIP = {RHOBF/RHOIP) **(1./EXPON)
WSQBF = (1.-TBFTIP)*CPTIP-TWLMR
RHSQBF = CONST2/ (WSQBFP-CONST2*CONST 1*%*2)
IF(RHSQBF.LT.0.) GO TO 46
RHOBFN = SQRT (RHSQBF)
IF{ABS (RHOBPN-RHOBF) /RHOBFN.GT..0%1) GO TO 4u
WRITE(NWRIT,1080) J
GO TO 48

46 RHOBFN = RHOFS
_WRITE (NWRIT,1090) J

48 TANBBF = CONST1*RHOBFN
BETABF = ATAN(TANBBF)

C
C--CALCULATE DISTANCE POR BETAR CORRECTION

BLDCRD = (RLEOM(J) +RTEOM(J)) /2.* (THTEOM (J) -THLEOM (J))
BLDCRD = SQRT (BLDCRD*#*2+ (STEOM(J) -SLEOM (J)) **2)

SLIDTE = BLDCRD/PITCH/RTEOHN (J)

DISTTE = AMIN1(.5,AMAX1(1./6.,(11.-4 . *SLIDTE) /18.)) * (STEOM (J) -
1SLEON (J))

C
C--CORRECT BETA FOR DEVIATICON KEAR THE TRAILING EDGE,

C--USING LINEAR CORBRECTION FOR ANGLE
I = ITE(J)
50 SDIST = SOM(I,J)~-STEOM(J)+DISTTE
IF (SDIST.LE.0.) GO TO 60
BETA(I,J) = BETA(I,J)+ (BETABP-BTBFTE(J))*SDIST/DISTTE
I =1I-1 )
GO TO 50

C
C--CALCULATE DEVIATION ANGLES
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60 BLDEV(J) =
UBDEV (J) =
IARG = I+1
RETURN

BETABF*DEGRAD-BTBLTE (.J)
BETAFS*DEGRAD-BTBLTE (J)

c
C--PINDV PRINTS THE INCIDENCE AND DEVIATION ANGLES
c
ENTRY PINDV
IF ((LAMDAF(.S,ILE(1),1) -RVTHTA(.5,TLE(1),1)).GT.d.) GO TO 8N
po 70 J=1,HMHTPI
BLINC (J) -BLINC (J)
UBINC (J) -UBINC (J)
BLDEV (J) -BLDEV (J)
70 UBDEV (J) -UBDEV (J)
B0 WRITE (NWRT6,1000)
IF (ISUPFR.LE.1) WRITE(NWRT6,1010)
IF (ISUPER.EQ.2) WRITE (NWRT6,1020)
WRITE (NWRT6,1030)
WRITE (NWRT6,1040) (J,BLINC (J),UBINC (J),BTBLLE(J),BLDEV(J),
1UBDEV (J) ,BTBLTE (J) ,J=1, MHTP 1)
WRITE (NWRT6,1050)
RETURN

it non

(o}
C--FORMAT STATEMENTS
C

1000 FORMAT (1H1////44X, 40 (TH*) /4UX 4QH***x TNCIDENCE AND DEVIATION ANG
1LES **%,/ 49X,30 (1H*) //)

1010 FORMAT (/52X,25(1H%) /52X ,25H% FULL  MASSFLOW * /42X, 45 (1H*) /
142X, 1TH*,12X,19HTRANSONIC SOLUTTION, 12X, 1H*/U42X, USH* BY VELOCITY G
2RADIENT APPROXIMATE METHOD */35X,59(1H*)/35%X,59H* ALL VELOCITIES
3 SMALLER THAN CHOKING MASSFLOW SOLOTION */35X,59 (1H*))

102C FORMAT (/52X,25(1H*) /52X,25H* FULL MASSFLOW x/U2X,45 (1H*) /
142X, 1H*, 12X, 19HTRANSONIC SOLUTION, 12X, 1H*/42X,45H* BY VELOCTTY G
2RADIENT APPROXIMATE METHOD */35X,59 (1H*)/35X,59H*% ALL VELOCITIES
3 LARGER THAN CHOKING MASSFLOW SOLOUTION */35%,59 (1H*))

1030 PORMAT (//24X,10H* MESH *,8X,9HINCIDENCE,7X,11HBLADE ANGLE,2H *,
18X, 9HDEVIATION,7X, 11HBLADE ANGLE,2H */24X,10H* LINE *,3X,
27HBLOCKED, 3X,9HUNBLOCKED,U4X,7HAT L.E.,3X,1H*,3X, THBLOCKED, 3X,
3SHUNBLOCKED ,4X,7HAT T.E.,3X,1H*)

1040 PORMAT ((24X, TH*,2X,13,3X,2(1H*,3(P9.2,2X),3X),1H*))

1050 FORMAT (71H1)

1060 FORMAT (4SHLSUPERSONIC CORRECTION - LEADING EDGE FOR J =,I3)

1070 PORMAT (4SHLNO DENSITY CORRECTION - LEADING EDGE FOR J =,13)

1080 FORMAT (UO6HLSUPERSONIC CORRECTION - TRAILING EDGE FOR J =,13)

1090 FORMAT (46HLNO DENSITY CORRECTION - TRAILING EDGE FOR J =,13)

END

PUNCTION LAMDAF(SF,I,J)
C
C--LAMDAF CALCULATES PREWHIRL, LAMBDA, AS A FUNCTION OF STREAM
C-~-FUNCTION UPSTREAM OF THE BLADE
C
COMMON NREAD,NWRIT,ITER,IEND,NWRT1, NWRT2,NWRT3,NWRT4,NWRT5,NWRT6
COMMON/INPUTT/GAM,AR,MSFL,OMEGA, REDFAC, VELTOL,FNEW,DNEW, MBI, NBO,
1 MM,MHT,NBL,NHUB,NTIP,NIN,NOOT, NBLPL, NPPP, NOSTAT, NSL,NLOSS,
2 LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, IMESH,ISLINE,
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10
20

3C

4¢
5¢C

72

ISTATL,IPLOT,ISUPER,ITSON,TDEBUG,ZOMIN,ZOMBI,ZOHBO,ZOHOBT,
ROHIN,ROHBI,ROHBO,ROMOUT,ZHIN,ZTIN,ZHOUT,ZTOUT,PHIN,RTIN,RHOUT,
RTOUT,TITLEI(zﬂ),ZHUB(%Oj,RHUB(Sﬁ),ZTIP(SO),RTIP(SO),SFIN(SP),
RADIN(50),TIP (59),PRIP(50),LAMTN (52),YTHIN(50),SFOUT (50),
RADOUT(SO),PRCP(SC),LOSOUT(%“),LAMOWT(SO),VTHOUT(SO),
BETALE(SO),BETATE(SO),ZHST(GG),ZTST(SO),PHST(SO),RTST(SO),
FLFR(SO),PERCRD(SO),PERLOS(S“),ZBL(SG,SO),RBL(SO,SO),
THBL(SO,SO),TNBL(%C,SO),TTBL(SO,SO),TH1BL(50,50),THZBL(SO,SO)

CDHMON/CALCON/MHH1,HHTP1,CP,EXPON,TGROG,PITCH,RLEH,RLET,RTEH,RTET,

ZLE(SO),RLE(SO),ZTR(SO),RTE(S“),ZLFOH(?OT),RLEOM(101),
SLEOH(1C1),THLEOM(101),ZTEOM(1?1),RTEOM(101),STEOH(101),
THTEOM(1C1),ILE(101),ITE(1C1),ZOH(100,101),ROH(100,101),
SOM(1QO,101),TOM(1CO,1G1),BTH(100,1C1),DTHDS(1CQ,131),
DTHDT (100,101),PLOSS (100,101) ,CPHI (100,10 1) ,SPAI (100,17 1)

CGMHON/VARCOM/A(U,100,101),UOM(1“C,101),K(1CO,101),RHO(100,101),

WSUBS(103,101),WSUBT(1GC,1C1),WSUBZ(1CO,101).HSUBR(100,101),
WSUBM(1CO,101),WTH(1CO,101),VTH(1OD,101),w(100,101),

ALPHA (102,101) ,BETA (100, 101) ,WWCR (100, 101) ,CURV(100,101),
WLSURF (10G,101) ,WTSURF(107,101) ,CAMP (100, 131) ,SAMP (100, 101),
RHOAV (120,101) , DELRHO(100,101) ,FT(100,101) ,DFDM(109,101),
KIOH(1OG,1”1),ZETOH(1CO,1"1),DLDU(100,101)

COMMON/ROTATN/ZHROT (50) ,RHROT(5%) ,Z2TROT (50) ,RTROT (50) ,

1 ZLEOMR(1C1) ,RLEOMR (101) ,2TEOMR (121),RTEOMR(101),

2 ZBLROT (5%,50) ,RBLROT (57,50), ZOMROT (100, 10 1) , ROMROT (100, 10 1)
DIMENSION SLOPE(50),EM(SC),ARR(52),BBB{57),RILOM(101) ,0ILOM(101)
REAL LAMDAF,LAMIN
KK = 2
IF(ABS(SF-SFIN(1)).GT.TOLER) GO TO 10
LAMDAF = LAMIN(1)

IF (I.LT.ILE(J)) DLDU(I,J)=SLOPE (1)

RETURN

TF{SF-SFIN(1)) 20,20,30

LAMDAF = LAMIN(1)+(SF-SFIN(1))*SLGPE (1)

IF {I.LT.ILE(J)) DLDU(I,J)=SLOPE(1)

RETURN

IF(ABS(SF~SFIN(KK)).GT,TOLER) GO TO 40

LAMDAF = LAMIN(KK)

IF (I.LT.ILE(J)) DLDU(I,J)=SLOPE (KK)

RETURN

IF(SF-SFIN(KK)) 70,70,50

KK=KK+1

IF(KK~-NIN) 30,30,60

LAMDAF = LAMIN{NIN) ¢+ (SF-SFIN(NIN))*SLOPE (NIN)

IF (I.LT.ILE(J)) DLDU(I,J)=SLOPF (NIN)

RETURN

SK = SFIN({KK)-SFIN(KK-1)

LAMDAF = EH(KK-1)*(SFIN(KK)~SP)**3/6./SK+EH(KK)*(SF-SPIN(KK-1))**3
1 /6./SK+(LAHIN(KK)/SK-EH(KK)*SK/G.)*(SF-SFIN(KK-1))+(LAHIN(KK-1)
2 /SK-EM (KK-1) *SK/6.) * (SPIN (KK) ~5F)

IF (I.LT.ILE(J)) DLDU(I,J)= ~EM(KK-1)* (SPIN(KK)-SF) **2/2./5K+
1 EM (KK) * (SFIN(KK-1) ~SF)**2/2./SK+ (LAMIN(KK) -LAMIN (KK-1)) /SK-

2 (EM (KK) -EM (KK=1) ) *SK /6,

RETURN

ENTRY LAMNIT(NNN)

IF (ITER.EQ.0) GO TO 100

IF (LSFR.EQ.0.AND,LAMVT.EQ.0) GO TO 100

IT = MBI

JJ = 1
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CAN = COS (ANGROT)
SAN = SIN(ANGROT)

ZHINRO = ZHIN*CAN+RHIN®SAN
RHINRO = RHIN*CAN-ZHIN*SAN
ZTINRO = ZTIN*CAN+RTIN*SAN
RTINRO = RTIN¥*CAN-ZTIN*S3AN

DO AC KK=1,MHTP1

DIST = FLOAT(KK-1) /FLOAT (MHT)

RTLOM (KK) = RHIN+DIST* (RTTN-RYIN)

ZIPOT = ZHINRO+DIST* (ZDPINRO-ZHINRO)

RIGOT = RHINRD+DIST* (RTINRO-RHINRO) o ,
80 CALL LININT (ZOMROT,ROMROT,TOM,¥H, ¥HTP1, 100,171, ZTRO™, RIROT,

1UILOM (KK),IT,JJ)

IF {LSFR.EQ.0) CALL SPLINT (UILOM,RILCM,MHTP1,SFIN,NIN,PADIN,ARR,

1BBB)

If (LSFR.EQ.1) CALL SPLINT(RTLOM,UILOM,MHTP1,RADIN,NIN,SFTN,ARRA,

1BBB)

IF (LSFR.EQ.1.0R.LAMVT.EQ.M) GO TO 1C0

DO 9C KK=1,NIN
9C LAMIN(KK)= RADIN{KK)*VTHIN (KK)
10C CALL SPLINE(SFTN,LAMIN,NIN,SLOP®,EM)

TOLER = ABS(SFIN(NIN)=-SFIN(1))/FLOAT (NIN)*1.E-6

RETURN

END

FUNCTION RVTHTA (SF,I,J)
o
C--RVTHTA CALCULATES R * V-THETA AS A FIUNCTTON CF STREAM FUNCTION
C--DOWNSTREAM OF THE BIADE
C
COMMON NREAD,NWRIT,ITZR,TEND,NWRT1, NWRT2, NWKT3,NWRTU4, NWRTS, NWRT6
COMMON/INPUTT/GAM,AR,MSFL,OMFGA, REDFAC, VELTOL, FNEW,DNFW, MBI, MRD,
MM,MHT,NBL,NHUB,NTIP,NIN,NOUT,NBLPL, NPPP, NOSTAT, NSL, NLOSS,
LSFR,LTPL,LAMVT,LROT,LBLAD,LETEAN,ANGROT, TMESH, ISLINE,
ISTATL,IFLOT,ISUPER,ITSON, IDEBUG,ZOMIN,ZCHBI, ZOMRO, ZOMOUT,
ROMIN, ROMBI,RCMBO,ROMOUT, ZHIN, 2TIN, 2HOUT, 2TOUT, RHTN, RTIN, RHOUT,
RTOUT, TITLEI (20) ,ZHUB(S") ,RHNUB(57) ,ZTIP(50) ,RTIP (52),SFIN(50),
RADIN (50) ,TIP(5C) ,PRTP(5M) ,LAMIN (5C),VTHIN (50} ,SFOUT (50),
RADOUT (50) , PROP (50) ,LCSOUT(50) ,LAMOUT (50) , VTHOUT (57) ,
BETALE (5C) ,BETATE (50) ,ZHST (50) , ZTST (50) , KHST (S0) ,RTST(50),
FLFR(5%) ,PERCRD(5%) ,PERLOS (50) ,ZBL(50,50) ,RBL (52,50),
THBL (50,50) ,TNBL (5%,50) ,TTBL(50,50),TH1BL (50,50) ,TH2BL (50,50)
COMNON/CALCON/MHM1, NHTP1,CP,EXPON,TGROG, PITCH,RLER,RLET,RTEH,RTET,
ZLE(5C) ,RLE(50) ,ZTE(50) ,RTE(50) , ZLEOM (101) ,RLEOM (111},
SLFOM (171) , THLEOM (101) ,ZTEOM (101) ,RTEQOM(101) ,STEOM (101) ,
THTEOM (101) ,TLE(1C1) ,ITE(101) ,Z0M(109,101) ,ROM(1C0,101),

S04 (102,101), TOM (120,101) ,BTH (199,101) ,DTHDS (100,171),
DTHDT(100,101),pLoSS(1od{iF1),CPHI(100,101),SPHI(100,101)
COMMON/VARCOM/A (4,100,1C1) ,U0OM(100,101) ,K(100,101) ,RHO (100,101),

WSUBS (100,101) ,WSUBT (100,1C1) ,¥SUBZ (100, 101) , WSUBR (100,101,

ASUBM(100,101) ,WTH(100,121),VTH(100,101),W(109,101),

ALPHA (100,101) ,BETA (100,1C1) ,WWCR(1C0,101) ,CURV (100, 191),

uLSURP(100,101),wTSURF(1OO,101),CAMP(100,101),SAHP(100,101),

RHOAV (100,101) ,DELRHO(10G,101),PT(100,101) ,DFDM (100,101),

XIOM (100,101) ,ZETOM(100,101),DLDU (100, 101)
COMMON/ROTATN/ZHROT (50) ,RHROT(50) ,ZTROT (50) ,RTROT (5C) ,

- OO EFE W

e WwN -

AN E WN -

183



1C

33

4c
5C

6C

70

1 ZLEOMR(101) ,RLEOMR(101) ,ZTFOMR (171) ,RTEOMR (101),
2 ZBLROT({50,50) ,RBLROT (50, 5M),ZOMROT (100,17 1) ,ROMROT (1¢2, 191)

DIMENSTON SLOPE(5"),EM(50) ,AAA(5() ,BRB(50),ROLOM(171) ,UOLOM (17 1)

REAL LAMOUT

KK = 2

TF (ABS (SF-SFOUT (1)) .GT.TOLER) GO TO 17

RVTHTA = LAMOUT (1)

IF (I.GT.ITE(J)) DLDW(I,J)=SLOPE(")

RETURN

IF(3F-SFOUT (1)) 2¢,2",37

RVTHTA = LAMOUT (1) + (SF-SFOUT (1)) *SLOPEL (1)

IF (I.GT.ITE(J)) DLDU(I,J)=SLOPE (1)

RETURN

IF (ABS (SF~SFOUT (KK)) .GT. TOLEP) GO TO 40

RVTHTA = LAMOUT (KR)

IF (I.GT.ITE(J)) DLDU(I,J)=SLOPE (KK)

RETURN

IP(SF-SPOUT (KK)) 75,70,5%

KK=KK +1

IF (KK-NOUT) 35,30,6C

RVTHTA = LAMOUT (NOUT) + (SF-SFOUT (NOUT)) *SLOPF (NOUT)

IF (T.GT.ITE(J)) DLDU({(I,J)=SLOPF (NOUT)

RETURN

SK = SFOUT (KK) -SFOUT (KK-1)

RVTHTA = EM (KK-1)* (SFOUT (KK) -SF) **3 /6, /SK+EMN (RK) * (SF-SFOUT (KK-1))
1 *%3/6,/5K+ (LAMOUT (KK) /SK-EM (KK) *SK/F . ) * (SF-SFOUT (RK=-1)) +
2 (LAMOUT (KK-1) /SK-FEM (KK=1) *SK/6.) * (SFOUT (KK) -SF)

IF (I.GT,ITE(J)) DLDU(I,J)= -EM(KK-1)* (SFOUT (KK)-SF)**2/2. /SK+
1 EM(KK)*(SFOUT (KK-1)-SF) **2/2, /SK+ (LAMOUT (KK) ~LAMOUT (KK-1))
2 /SK- (EM(KK) -EM(KK-1)) *SK/6.

RETURN

ENTRY RVINIT (NNN)

IF(ITER.EQ.C) GO TO 166G

IF (LSFR.EQ.N.AND.LAMVT.EQ.f) GO TO 10

IT = MBO
JJ = 1
CAN = COS(ANGROT)

SAN SIN(ANGROT)

ZHOPO = ZHOUT*CAN+RHOUT*SAN
RHORO = RHOUT*CAN-ZHOUT*S5AN
ZTORO = ZTOUT*CAN+RTOUT*SAN
RTORO = RTOUT*CAN-ZTOQUT*SAN

DO 80 KK=1,MHTP1

DIST = FLOAT(KK-1) /FLOAT (MHT)
ROLOM(KK) = RHOUT+DIST* (RTOUT-RHOUT)
ZOROT = ZHORO+DIST* (ZTORC-ZHORO)
ROROT = PHORO+DIST* (RTORC-RHORO)

80 CALL LININT(ZOMROT,ROMROT,UOM,M4,MHTP1,10C,*01,20R0OT,ROROT,

90
1C0

184

1UOLOM (KK) ,II, JdJ)
IF (LSFR.EQ.0) CALL SPLINT (UOLOM,ROLOM,MHTP1,SFOUT,NOUT,RADOUT,
1AARA,BBB)

IF (LSFR.EQ.1) CALL SPLINT (ROLOM,UOLOM,MHTP1,RADOUT,NOUT,SFOUT,
1AAR,BBB)

I?P (LSFR.EQ.1.0R.LAMVT.EQ.") GO TO 1G0

DO 9C KK=1,NOUT

LAMOUT (KK) = RADOUT (KK) *VTHOUT (KK)

CALL SPLINE(SFOUT,LAMOUT,NOUT,SLOPR, FM)

TOLER = ABS (SFOUT (NOUT)-SFOUT (1) ) /FLOAT (NOUT) *1,E-6
RETURN

END
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FUONCTION TIPF (SF)

C--TTPF CALCULATES UPSTRFAM ABSOLUTE TOTAL TFEMPERATURE
C--A5 A F'INCTION OF STREAM FUKCTION

C

10
20

30
40
50
60

7C
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2

COMMON/INPUTT/GAM, AR ,MSFL,OMEGA, REDFAC, VELTOL,FNEW, DNEH,MRT, MBO,
MM,MHT,NBL,NHUB,NTTP,NIN,NOUT,NBLDPL, NPPP, NOSTAT, NSL, ¥LOSS,
LSFR,LTPL, LAMVT,LROT,LBLAD,LETEAN, ANGROT, TMESH,TSLINE,
ISTATI,IELOT,ISUPFR,ITSON,IDERUG,Z0MTN,ZOMBT, Z0MR0, ZOMOUT,
ROMIN, ROMBI, RCMBO,ROMOUT, ZHIN, ZT IN, ZHOUT, ZTOUT, RHTN,RTI N, RHOUT,
RTOUT, TITLEI (20) , ZHUB (57) ,RHUB (5°) ,ZTIP(50) ,RTIP (57),SFIN(5M),
RADIN (50),TIP(57),PRIP(5C),LAMIN (5C) ,VTHIN (50) ,SFOUT(57),
RADOUT (50) , PRCP (50) ,LOSOUT (5() ,LAMCUT (50) , VTHOUT (50) ,

BETALE (50) ,BETATF (50) ,ZHST (57) ,ZTST (50) , RHST (57) ,RTST (50} ,
FLFR(SJ) ,PFRCRD(5") ,PERLOS (5%) ,ZBL(50,50) ,RBL (5),5%) ,
THBL (50,50), TNBL(5",50) ,TTRL (5 ,50) , TH1BL (50,5C) , “H2BL (5", 50)

COMYON/CALCCN/MMM1,MHTP1,CP, EXPON, TGROG, PITCH,RLEH,RLET, RTEH,RTET,
ZLE(57) ,RLE (50) , ZTE (5C) ,RTE(57) , ZLEOM (101) ,RLEOM (101},

SLEOM (1%1) , THLEOM (101) ,ZTEOM (10 1) ,RTECM(1C1) ,STEOH (101) ,
THTEOM (101) ,ILE(121) ,ITE(101) ,Z0M(1C0, 1C1) ,ROM(100,101) ,
SOM(100,121),TOM(170,191) ,BTH (107,101) ,DTHDS (167,17 1), ,
DTHDT (100, 171),PLOSS (100, 101) ,CPHI (100,10 1) ,SPHI (117,17 1)

DIMRNSTON SLOPE(50),EM(50)

K = 2

IF(ABS(SF-SFIN(1)).GT.TOLER) GO TO 10

TIPF = TIP (1)

RETURN

TF(SF-SFIN (1)) 2C,20,3"

TIPP = TIP(1)+(SE-SFIN(1))*SLOPF (1)

RETTIRN

IF(ABS (SF-SFIN(K)).GT.TOLER) GO TO 40

TIPF = TIP (K)

RETURN

IF(SF-SFIN(K)) 7¢,7C,50

K=K +1

IF (K-NIN) 30,3C,60

TIPF = TIP(NIN)+ (SF-SFIN(NIN))*SLOPE(NIN)

RETURN

SK = SFIN(K)-SPIN(K-1) :

TIPF = EM(K-1)* (SPIN(K)-SF) **3/6. /SK+EM (K) * (SF-SFIN (K-1) ) &% 3/
6./SK+(TIP (K) /SK-EM(K) *SK/6.) * (SP-SFIN (K-1)) + (TIP (K- 1) /
SK-EM (K- 1) *SK/6.) * (SFIN (K) -5F)

RETURN

ENTRY TIPNIT(NNN)

CALL SPLINE(SFIN,TIP,NIN,SLOPE,EM)

TOLER = ABS(SFIN(NIN)-SFIN(1))/FLOAT(NIN)*1.E~6

RETURN

END

FUNCTION RHOIPF(SF)

C--RHOIPF CALCULATES UPSTREAM ABSOLUTE TOTAL DENSITY
C--AS A FUNCTION OF STREAM FUNCTION

C

COMMON/INPUTT/GAM,AR,MSFI1,OMEGA, REDFAC, VELTOL, FNEW, DNEW, MBI, MBO,

185



MM, MHT,NBL, NHUB,NTIP,NIN, NOUT, NRLPL, NPPP,NOSTAT, NSL, NLOSS,
LSFP,LTPL,LAMVT, LROT, LBLAD,LETEAN, ANGKOT, TMESH, ISLTYE,
ISTATL, IFLOT, ISUPER,ITSON, IDEBUG,Z0MTN,ZCMRT, ZOMEO, 7Z.0M00T,
ROMIN,ROMBI,RCMBO,ROMCUT, ZHTN,ZTIN,ZHONT,ZTOUT, RHIN, RTTN, RHOTT,
RTOUT,TITLET(29),%2HUB(5") , PHUR(5") ,2TIP(59) ,RTIP (57) ,SFIN(57),
RADIN(5J),TIP(50) ,PRIP(5C),LAMIN(S?) ,VTHIN(5"),5F01T (57),
RADOUT (5() , PROP (53) , LOSOUT (57) ,LAMOUT (50) , VTHOUT (57°) ,
BETALE (5C) ,BETATE (50) ,ZHST(50) ,2TST(50) ,THST (57) ,RTST(5%),
FLFR(59) ,PERCRD {57) , PERLOS (57) ,ZEL(5¢,5") , RRL (5",50) ,
THBL(5%,59) ,TNBL(50,57) , TTBL(5",5") , THIBL(57,5") ,TH2BL (53 ,5")
COMMON/CALCON/MMM1,MHTP1,CP,FXPON, TGROG, PITCH, RLEH, FLET,RTEH, RTE™,
1 ZLE(5%),RLE(5C),ZTE(50),RTE(5"),ZLEOM (191) ,RLEOM (17 1),
2 SLEOM(191),THLEOM (101),ZTFOM(171) ,RTEOM(111) ,STEON (171) ,
3 THTFOM(101),ILE(101) ,ITE(101),20M(1CN,101) ,ROM(1CP, 101) ,
4
5
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SOM(1C0,101),TOM(120,101) ,BTH(120,171) ,DTHDS (10N ,17 1),
DTHDT(1CO,1O1),PLCSS(1OP,1C1),CPHI(1O“,1F1),SPHI(130,1”1)
DIMTNSION SLOPE(S“),EH(%O),RHOIP(SA)
K= 2
TF{(ABS(S5F-SFIN(1)) .GT.TOLER) GO TO 10
RHOIPF = RHOIP(T1)
RETURN
1 IF{SF-SFIN{T)) 2C,20,3)
23 FHOIPF = RHOIP(1)+(SF-SFIN(1))*SLOPE(U
RETURN
3C IF(ABS(SF-SFIN(K)).GT.TOLER) GO TO 47
RHOTPF = RHOIP (K)
RETURN
4C IF(SF-SFIN(K)) 70,70,50
55 K=K+ 1
IF{(K-NIN) 33,30,60
6" RHOTPF = RHOIP(NIN)*(SF-SFIN(NIN))*SLOPE(NIN)
RETURN
7C SK = SFIN(K)-SFIN(K-1) ' :
RHOIPF = EH(K-1)*(SFIN(K)-SF)**3/6./SK*EH(K)*(SF-SFIN(K-1))**?/
1 6./5K+ (RHOTP (K) /SK-EM(K)*SK/6,) * (SF-SFIN(K-1)) + (RHOTP (R-1) /
2 SK-EM (K-1) *SK/6.) * (SFIN (K) -SF)
RETURN
ENTRY RHINIT (NNN)
Do 89 J=1,NIN
80 RHQIP(J) = PRIE (J) /AR/TIP(J)
CALL SPLINE(SFTIN,RHOTP,NIN,SLOPE,EN)
TOLTR = ABS(SFIN(NIN)-SFIN(1))/FLOAT(NIN) *1.E-6
RETURN
END

SURTROUTINE CONTIN(XEST,YCALC,TND,JZ,YGIV,XDEL)
C
C-=CONTIN CALCULATES AN ESTIMATE OF THE RELATIVE FLOW VFLOCITY
C--FOR USE TN THE VELOCITY GRADIENT EQUATION
C
DIMENSION X{(3),Y (V)
NCALL = NCALL+1
IF (IND.NE.1.AND.NCALL.GT.1C") GO TO 140
GO TO (14,35,40,50,60,112,15C),IND
C--FIRST CALL
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10 NCALL = 1

nu

XORIG XEST
IF (YCALC.GT.YGIV.AND.JZ.EQ.1) GO TO 290
IND = 2
Y(1) = YCALC
X(1) = 0.
XEST = XEST+XDEL
RETURN
2C IND = 3
Y(3) = YCALC
X(3) = 0.
XEST = XEST-XDEL
RETORN
C--SECOND CALL
3G IND = &4

Y(2) = YCALC
X{2) = XEST-XORIG
XEST = XEST+XDEL

RETURN

40 IND = 5
1(2) = YCALC
X(2) = XEST-XORIG
XEST = XEST-XDEL
RETURN

C--THIRD OR LATER CALL - FIND SUBSONIC OR SUPERSONIC SOLUTION

50 Y(3) = YCALC
X{3) = XEST-XORIG
GO TO 70

60 Y(1) = YCALC
X(1) = XEST-XORIG
70 IF (YGIV.LT.AMINT(Y(1),Y(2),Y(3))) GO TO (120,130),J2
80 IND = 6
CALL PABC (X,Y,APA,BPB,CPC)
DISCR = BPB*%*2-4,%APA* (CPC-YGIV)
IF (DISCR.LT.0.) GO TO 140
IF (ABS (400,%APA* (CPC-YGIV)).LE.BPB**2) GO TO 90
XEST = -BPB-STGN (SQRT(DISCR) ,AP )
IF (JZ.EQ.1.AND.APA.GT.0..AND.Y(3).GT.Y (1)) XEST = -BPB+
1SQRT (DISCR)
IF (JZ.EQ.2.AND.APA.LT.N.) XEST = -BPB-SQRT (DTSCR)
XEST = XEST/2./APA
GO TO 100
96 IF (JZ.EQ.2.AND.BPB.GT.0.) GO TO 130
ACB2 = APA/BPB* (CPC-YGIV)/BPB
IF (ABS(ACB2).LE.1.E-8) ACB2=0,
XEST = - (CPC-YGIV)/BPB* (1, +ACB242,%xACB2%%2)
100 IP (XEST.GT.X(3)) GO TO 130
IF (XEST.LT.X(1)) GO TO 120
XEST = XEST+XORIG
RETURN
C--FOURTH OR LATER CALL - NOT CHOKED
110 IF(XEST-XORIG.GT.X(3)) GO TO 139
IF (XEST-XORIG,LT.X (1)) GO TO 120
Y(2) = YCALC
X(2) = XEST-XORIG
GO TO 70
C--THIRD OR LATER CALL - SOLUTION EXISTS,
C--BUT RIGHT OR LEFT SHIPT REQUIRFD
12C IND = §
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C--LEPT SHIFT
XEST = X (1) -XDEL+XORIG
XOSHFT = XEST-XORIG
XORIG = XEST

Y(3) = Y(2)
X(3) = X(2)-XOSHFT
Y(2) = Y (1)
X(2) = X(1)-XOSHFT
RETURN

13C IND = &

C--RIGHT SHIFT
XEST = X(3) +XDEL+XORIG
XOSHFT = XEST-XORIG
XORIG = XEST

Y(1) = Y(2)
X(1) = X(2)-XOSHFT
Y(2) = Y(3)
X(2) = X(3)-XOSHFT
RETURN
C--THIRD OR LATFR CALL - APPEARS TO BE CHOKED
140 XEST = -BPB/2./APA
IND = 7

IF (XEST.LT.X(1)) GO TO 129
IF(XEST.GT.X(3)) GO TO 13¢C
XEST = XEST+XORIG
RETURN
C--FOURTH OR LATER CALL - PROBABLY CHOKED
150 IF (YCALC.GE.YGIV) GO TO 110
IND = 10
RETURN
C--NO SOLUTION FOUND IN 10C ITERATIONS
160 IND = 11
RETURN
END

SUBROUTINE PABC(X,Y,A,B,C)
c
C--PABC CALCULATES COEFFICIENTS A,B,C OF THE PARABOLA
C--Y=A*X**2+B*X+C, PASSING THROUGH THE GIVEN X,Y POINTS
c

DINENSION X(3),Y(3)

Ct1 = X(3)-X(1)

€2 = (Y(2)-Y(1))/(X(2)-X(1))

A= (C1%C2-Y(3)+Y(1))/C1/(X(2)-X(3))

B = C2-(X(1)+X(2))*A

C = Y(1)=X(1)*B=X (1) %%2%)

RETURN

END

SUBROUTINE INRSCT(XCURV1,YCURV1,N1,XCURVZ,YCURVZ,N2,XCROSS,YCROSS)
(o
C--INRSCT CALCULATES THE COORDINATES (XCROSS,YCROSS) OF THE POINT
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C--OF INTERSECTION OF TWO SPLINE CURVES, YCURVI=F (XCURV1) AND
C-~XCURV2=G (YCURV2), LYING ON A PLANE
C

COMMON NREAD,NWRIT

DIBENSTON XCORVI(N1) ,YCURVI(N1),XCURV2(N2),YCURV2 (N2)

NCOUNT = 0

TOLER = (ABS({XCURV1(N1)-XCURV1(1))+ABS(YCURV2(N2)-YCURV2(1)))/1.ES
XTEMP = XCORV1 (1)

YTEMP = YCURV1 (1)

XCROSS = (XCURV1T(1)+XCURVI(NT1)) /2.
C--COMPUTE INTERSECTION POINT AND SLOPE ON CURVE 1
1C X1 = XCROSS
CALL SPLINT (XCURV1,YCURV1,N1,X1,1,Y1,51,TEMP)
C--COMPUTE INTERSECTION POINT AND SLOPE ON CURVE 2
12 = M
CALL SPLINT(YCURV2,XCURV2,N2,¥2,1,X2,S2,TEMP)
C--COMPIUTE COORDINATES OF POINT WHERE TWO SLOPES INTERSECT
S152 = S1%*52
XCROSS = X2+S1S2* (X2-X1)/(1.-51S2)
YCROSS = Y1451 *(X2-X1)/(1.-5152)
C--COMPUTE DISTANCE AWAY FROM PREVIOUS SLOPE INTERSECTION POINT
DIST = SQRT ((YCROSS-YTEMP) %2+ (XCROSS-XTEMP) ¥%2)
IF (DIST.LT.TOLER) RETURN
NCOUNT = NCOMNT+1
IF (NCOUNT.GT.20) GO TO 29
XTEMP = XCROSS
YTEMP = YCROSS
GO TO 10
20 WRITE(NWRIT,1000) TOLER,DIST
RETURN ,
100C FORMAT (6X,46HINRSCT HAS FAILED TO CONVERGE IN 20 ITERATIONS/
110X, 1THTOLERANCE =,G14,6/10X,47HDISTANCF BETWEEN LAST TWO INTERSEC
2TION POINTS =,G14.6)
END

SUBROUTINE LININT (X,Y,Z,NX,NY,NDIMX,NDIMY,X0,¥C,20,1,J)
c
C--LININT LOCATES THE POINT (X0,Y0) IN A 2-D MESH WITH
C--COORDINATES STORED IN THE X AND Y ARRAYS. THEN THE VALUE OF 20 AT
C--(X0,Y0) IS INTERPOLATED FROM THE Z ARRAY VALUES CORRESPONDING
C--TO THE X AND Y ARRAYS ,
c

COMMON NREAD, NWRIT ,

DIMENSTION X (NDIMX,NDIMY),Y (NDIMX,NDIMY),Z (NDIMX,NDIMY)

DIMENSION EXTRAP (2)

INTEGER ABOVE,RIGHT
Cc--FIND I,J SUCH THAT (¥0,Y?) IS IN COLUMN I FROM THE LEFT AND IN ROW J
C--FROM THE BOTTOM

IP(NX.LT.2.0R.NY.LT.2) STOP

IF(I.LE.O) I = 1

IP(I.GE.NX) I = NX-1

IF(J.LE.O) J = 1

IP(J.GE.NY) J = NY-1

ICOUNT = 0

ICNTMX = 2% (NX+NY)
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16 ABOVE = =1

RIGHT = -1

IF(YC.GE. Y (I,J) +(X =X (I,J))/(X(I+1,J) X(I,J))*(Y(T#1,J) Y(I,))

1 ABOVE = ABOVE+1 ,

IF(YC.GT.Y (I, J+1) ¢ (X =X (T,J+1)) /(X (I+1,J+1)-X(I,J+1))*

1 (Y(I+1,J+41)-Y(T,J+1))) ABOVE = ABOVE+1

IF(X0.GE. X (I, J)+(¥P-Y (I, )/ (Y(I,d¢N)-Y(I,J))*(X(T,T+1)-X(T,J)))

1 RIGHT = RIGHT+1

IF(X0.GT.X(I+1,J)+ (Y=Y (I+1,0)) /(Y (I+1,3+¢1)-Y(I+1,3))*

1 (X(T+1,3+1)-X(I+1,3))) RIGHT = RIGHT+1

IN = T+RIGHT

JN = J+ABOVE

IF(IN.LT.1.0R. IN.GE.NX) RIGHT = 0

IF(IJN.LT.1.0R,JN.GE.NY) ABOVE =

TF(ABOVE**2+RIGHT**2.EQ.N) GO TO 29

1 = I+RIGHT

J = J+ABOVE

ICOUNT = ICCUNT#1

IF(ICOUNT.GT.ICNTMX) GO TO 11¢

GO TO 10

2C IJEX = 1

C-- SET EXTRAP TO INDICATE EXTRAPOLATION

EXTRAP(1) = 0.

EXTRAP(2) = O.

TF(IN.LT.1) EXTRAP(2) = -1,
IF(IN.GE.NX) EXTRAP(2) = 1,
IP(JN.LT.1) EXTRAP(1) = -1,

IF(JN.GE.NY) EXTRAP(1) = 1.
C--CALCULATE CONSTANTS TO CALCULATE PY

Y13 = Y(I,J)-Y(I,J+1)

13 = X(I,J)-X(I,J+1)

Y42 = Y(I+1,J+1)-Y(I+1,J)
X442 = X(I+1,3+1)-X(I+1,3)
Y01 = Y0-Y(1,J)

X031 = X0-X(I,J)

Y02 = Y0-Y(I+1,Jd)

XG2 = X0-X(I+1,J)

Y21 = Y(I+1,J)-Y(I,Jd)

X271 = X{(I+1,J)-X(I,J)
C--CALCULATE CORFFICIENTS OF QUADRATIC EQUATION FOR FRACTIONAL DISTANCE
C--IN QUADRILATERAL

30 QA = Y13*XU42-X13*y42
QB = X13*%Y02-Y13%X02+4Y01*(U2-X01*Y42
QC = YD1%X21-X01*Y21

DISCR = QBX*¥2-4,*Qa*QC
IF(DISCR.LT.0,) GO TO 110

C--CHECK TO SEE IF QUATRATIC EQUATION IS CLOSE TO LINEAR
IF(ABS (4.*%QA*QC) .LE.QB**2*,01) GO TO 80

FA = -QB/2./0RA
FB = SQRT(DISCR) /2./0QA
F1 = FA+FB
F2 = FA-FB
C--CHECK TO DETERMINE WHETHER F1 OR F2 IS THE PROPER SOLUTION
CASE = =1.

IF(EXTRAP{IJEX)) 40,50,6C
C-~EXTRAPOLATION BELOW OR TO LEPT (FF LESS THAN 0.)
4¢ IP(P1,LT..D1) CASE = CASE+1,
IF(F2.LT..N1) CASE = CASE+2,
IP(CASE.LT.1.5) GO TO 70
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CASE = CASE-1.
IF(F2.LT.F1) CASE = CASE-1,
GO TO 70
C--NO EXTRAPOLATICN
50 IF(ABS(F1-.5).LT..51) CASE
IF{ABS (F2-.5) .LT..51) CASE
GO TO 70
C--EXTRAPOLATION ABOVE OR TO RIGHT (FF GREATER THAN 1.)
60 IF(F1.GT..99) CASE = CASE+1.
IF(F2.GT..99) CASE = CASE+2,
IF(CASE.LT.1.5) GO TO 77
CASE = CASE-1.
IF(F1.LT.F2) CASE = CASE-1,
70 IF(ABS(CASE-.5).GT..6) GC TO 110
FF = (1.-CASE)*F14CASE*F2
GO TO 90
C--IF QUADRATIC EQUATION IS NEAR LINEAR, USE BINOMIAL EXPANSION FOR FF
87 ACB2 = QA/QB*QC/QB
IF (ABS(ACB2).,LT.1.E-8) ACB2 = 0.
FF = =QC/QB*(1,+ACB2+2,*ACB2%*2)
9C IF(IJEX.EQ.2) GO TO 100
IJEX = IJEX+1
FY = PF
C--INTERCHANGE CORNER POINTS TO GET FX

CASE+1,
CASE+2,

Y13 = Y(I,J)-Y(I+1,J)

X13 = X(I,J)-X(I+1,J)

YU2 = Y(I+1,J¢1)-Y(I,Jd+1)
XU2 = X(I+1,J+1)=X(I,J+1)
YN2 = YO-Y(I,J+1)

XN2 = X0=X(I,J+1)

Y21 = Y(T,d+1)-Y(I,J)

X21 = X(I,J+1)-X(I,J)

GO TO 30

C--CALCULATE INTERPOLATED VALUE
160 PX = FF ) ) ,
20 = Z(I,J)*(1.-FX)*(1.-FY) +Z(I+71,J) *FX* (1. -FY)+Z (I,J+ 1) * (1.-FX)
1 *FY+Z(I+1,J+1)%PX*FY
RETURN 4
C-- PRINT ERROR MESSAGE IF THERE IS A PROBLEM IN OBTAINING A SOLUTION
110 20 = 0. :
WRITE (NWRIT,10C0) I,J
RETURN
n 1000 FORMAT (38H1LININT CANNOT FIND INTERPOLATED VALUE/4H I =,I6,48 J =,
116)
END

SUBROUTINE ROTATE(ANGROT,X,Y,NX,NY, NDIMX, NDIMY, XROT,YROT)
DIMENSION X (NDIMX,NDIMY),Y (NDIMX,NDIMY) ,XROT (NDIMX,NDINY),
1 YROT (NDIMX,NDIMY)
CAN = COS (ANGROT)
SAN = SIN(ANGROT)
DO 10 J=1,NY
DO 10 I=1,NX
TEMP = X (T,J)*CAN+Y (T,J) *SAN
YROT (I,J) Y (I,J)*CAN-X (I,J)*SAN
10 XROT(I,J) TEMP

n o
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RETURN
END

SUBROUTINE SPLINE (X,Y,N,SLOPE,EN)
C
C--SPLINE CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
C-~-END CONDITION - SECOND DERIVATIVES AT END POINTS ARE
C--SDR1 AND SDRN TIMES SECOND DERIVATIVES AT ADJACENT POINTS
C
COMMON NREAD,NWRIT
DIMENSION X (N),Y (N},SLOPE(N) ,EN(N)
DIMENSION G(1081),5B(101)

IERR = 0
SDR1 = .5
SDRN = .5

C = X{2)-X{(1)
IP (C.EQ.0,) GO TO 50

SB(1) = -SDR1
G{1) = 0.
NO = N-1

IF (NO.LE.0) GO TO 6C
IF (NO.EQ.1) GO TO 20
po 10 I=2,NO
A=C
C = X(I+1)-X(I)
IF (A*C.EQ.0.) GO TO 50
IF (A*C,LT.0.) IERR = 1
W = 2.%(A+C)-AXSB(I-1)
SB(I) = C/W
F = (Y(I+1)-Y(I))/C-(Y(I)~-Y(I-1))/R
10 G(I) = (6.*P-A*G (I-1)) /W
20 EM(N) = SDRN*G(N-1)/(1.+SDRN*SB(N-1))
DO 30 I=2,N
K = N+1-1
30 EM(K) = G(K)-SB(K)*EM(K+1)

i

SLOPE(1) = (X (1)=-X(2))/6.*% (2. *¥EN (1) +EM(2))+ (Y (2)-Y(N)) /(X(2)-X (1))

DO 40 I=2,N

40 SLOPE(I) = (X(I)-X(I-1))/6.% (2. %EM(I)+EM(I-1))+{Y(I)-Y(I-1))/

1(X(I)-X(I-1))
IF (IERR.EQ.0) RETURN
50 WRITE (NWRIT,1000)
WRITE (NWRIT,1020) N, (X(I),¥(I),I=1,N)
IF (IERR.EQ.0) STOP
WRITE (NWRIT,1030)
RETURN
60 WRITE (NWRIT,1010)
WRITE (NWRIT,1020) N, (X(I),Y(I),I=1,N)
STOP

1000 FORMAT (1H1,10X,U4L4HSPLINE ERROR -- ONE OF THREE POSSIBLE CAUSES/

117X,51H1. ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X,38H2, SOME X POINTS ARE OUT OF SEQUENCE./
317Xx,32H3., SOME X POINTS ARE UNDEFINED.)

1010 PORMAT (1H1,10X,62HSPLINE ERROR -- NUMBER OF SPLINE POINTS GIVEN I

1S LESS THAN TWO)

1020 FORMAT (//17%,18HNUMBER OF POINTS =,I4//17X,8HX ARRAY,6X,BHY
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1AY/(17X,2G613.5))
1030 FORMAT (1H1)
END

SUBROUTINE SPLINT (X,Y,N,Z,MAX,YINT,DYDX,D2YDX2)
c
C--SPLINT CALCULATES INTERPOLATED POINTS AND DERIVATIVES
C--FOR A SPLINE CURVE
C--END CONDITION - SECOND DERIVATIVES AT END POINTS ARE
C--SDR1 AND SDRN TIMES SECOND DERIVATIVES AT ADJACENT POINTS
c
COMMON NREAD, NWRIT
DIMENSION X(X) Y (N),Z(MAX) , YINT (MAX) , DYDX (MAX) , D2YDX2 (MAX)
DIMENSION G (101),SB(101),EN (101)
IERR = 0 .
SDR1 = ,5
SDRN = .5
TOLER= ABS (X(N)~-X(1))/PLOAT (N) *1.E-5
C = X(2)-X(1)
IF (C.EQ.0.) GO TO 130

SB(1) = -SDR?
G(1) = 0.
¥O = N-1

IF (NO.LE.Q) GO TO 140
IF (NO.EQ.1) GO TO 20
DO 10 I=2,NO
A =¢C
C = X(I+1)-X(I)
IF (A*C.EQ.0.) GO TO 130
IF (A*C.LT.0.) TERR = 1
W = 2,%(A+C)-A*SB(I-1)
SB(I) = C/W
F = (Y(I+1)-Y(I))/C‘(Y(I)-Y(I'1))/A
10 G(1) = (6 . *F-A*G (I-1)) /W
20 EM(N) = SDRN*G(N-1)/(1.+SDRN*SB(N-1))
DO 30 1=2,N
K = N+¢1-T
30 EM(K) = G (R)-5B(K) *EM (K+1)
IF (MAX.LE.0) RETURN

ENTRY SPLENT (Z,MAX,YINT,DYDX,D2YDX2)
DO 120 I=1,MAX
K=2
IF (ABS(Z(I)-X(1)).LT.TOLER) GO TO 40
IF (2(I).GT.2.0%X(1)~X(2)) GO TO 50
GO TO 80

40 YINT(I) = Y (1)
SK = X(K)-X(K-1)
GO TO 110

5C IF (ABS(Z(I)-X(K)).LT.TOLER) GO TO 60
IF (Z(I).GT.X(K)) GO TO 70
GO TO 100

60 YINT(I) = Y(K)
SK = X(K)-X (K-1)
GO TO 110
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C
C
C
C
C

70 IF (K.GE.N) GO TO 90
K = K+1
GO TO 50
8C S2 = X(2)-X(1)
YO = EM (1) *S2%*242,*Y (1) -Y(2)
DYDX(I) = (Y (2)-1(1))/52=7.*EM(1) /6.*52
YINT(I) = YO+#DYDX(I)* (Z(T)-X(1)+52)
D2YDX2(I) = 0.
Go To 120
90 TF (Z(I).LT.2.*X(N)-X(N-1)) GO TO 100
SN = X(N)-X(N=1)
YNP1 = EM(N)®SN**242, %Y (N) -Y (N-1)
DYDX (I) (Y (N) -Y (N-1)) /SN+7 . *EN(N) /6. *SN
YINT (I) YNP1+DYDX (I)* (2 (I)-X(N)-SN)
D2YDX2(I) = 0.
Go To 12C
10C SK = X(K)-X(K-1)
YINT (I) = EM(K-1)* (X (K) -Z(I))**3/6./5K +EM (K) * (2 (T) -X (K-1)) **3/6.
1 /SK+ (Y (K)/SK ~-EM(K)*SK 76.) * (2 (1) -X {K=1)) + (Y (R-1) /5K ~EM(K-1)
2 *SK/6.)*(X(K)=2(I))
110 DYDX (I) =-EM (K=1) * (X (K) -2 (1)) **2/2.0/5K +EM (K) * (X (K-1) =Z (T)) ¥*2/2.
1 /SK+4 (Y (K)-Y(K-1))/SK - (EM(K) -EM (K-1)) *SK/6.
D2YDX2(I) = E¥ (K) - (X (K) -2 (1)) /SK* (EM(K) -EM (K=1))
120 CONTINUE
IF (IERR.EQ.0) RETURN
13C WRITE (NWRIT,1000)
WRITE (NWRIT,1020) N, (X(I),Y(T),I=1,N)
IF (IERR.EQ.D) STOP
WRITE (NWRIT,1930)
RETURN
140 WRITE (NWRIT,1010)
WRITE (NWRIT,1020) N, (X(I),Y(D),I=1,N)
STOP
1060 FORMAT (1H1,10X,U4HSPLINT ERFOR -- ONE OF THREE POSSIBLE CAUSES/
117X,5141. ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X,38H2. SOME X POINTS ARE OUT OF SEQUENCE. /
317X,32H3. SOME X POINTS ARE UNDEFINED.)
401C FORMAT (1H1,10X,62HSPLINT ERROR -- NUMBER OF SPLINE POINTS GIVEN I
1S LESS THAN TRO)
1020 FORMAT (//17X,18HNUMBER OF POINTS =,14//17X,8HX ARRAY,6X,8HY ARR
1AY/(17%,2G13.5))
1330 FORMAT (1H1)
END

SUBROUTINE SLOPES {X,Y,N,SLOPE)

~--SLOPES CALCULATES PIRST DERIVATIVES, SLOPE, OF THE PUNCTION, Y,
--WITH RESPECT TO X, USING A PARABOLIC PIT THROUGH EACH SET OF
--THREE ADJACENT POINTS ON THE CURVE

DIMENSION X(N),Y({(N),SLOPE(N)
N1 = N-1

N2 = N-2

IF (N1.LT.2) GO TO 20

C--MID POINTS

1
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DO 1C I=2,N1

X3IX2 = X(I+1)-X(1)
X2X1 = X(I)-X(I-1)
X3X1 = X(1+1)-X(I-1)
Y3Y2 = Y (I+1)-Y(I)
Y2Y1 = Y(I)-Y(I-1)

1 SLOPE(I) = (X2X1**2*Y3Y20X3X2**2*Y2Y1)/(X3X2*X2X1*X3X1)
C--FPIRST POINT

X3X2 = X(3)-X(2)
¥2X1 = X(2)-X (1)
X3X1 = X (3)-x(1)
Y3Y1 = y(3)-y (1)
Y2Y1 = ¥(2) -y (1)

SLOPE (1) = (X3X1**2*Y2Y1-X2X1**2*Y3Y1)/(X3X2*X2X1*X3X1)

C--LAST POTNT

X3X2 = X(N)-X(N1)
X2X1 = X(N1)-X(N2)
X3IXT = X (N)-X(N2)
Y3Y2 = Y (N)-Y(N1)
Y3Y1 = Y (N)-Y(N2)

SLOPE(N) = (X3X1**2*Y3Y2-X3X2**2*Y3Y1)/(X3X2*X2X1*X3X1)
RETURN

C--TWO POINT FUNCTION
20 SLOPE(1) = (Y(2) =Y (1)) /(X(2)-X (1))

C

SLOPE(2) = SLOPE(1)
RETURN
END

SUBROUTINE SPLISI(X,Y,N,Y1P,YNP,SLOPB,EM)

C=-SPLISL CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS
C~-END CONDITION - FIRST DERIVATIVES SPECIFIED AT END POINTS

C

10
20

CCMMON NREAD,NWRIT ,
DIMENSION X(N),Y(N),SLOPE(N),EM(N)
DIMENSION G(101),5B(101)

IERR =

C = X(2)-X(1)

IF (C.EQ.DP.) GO TO 50

SB(1) = .5

F = (Y(2)-Y(1))/C~Y1p

G(1) = 3.*fF/C

NO = N-1

IF (NO.LE.0) GO TO 60

IF (NO.EQ.1) GO TO 29

DO 10 I=2,NO

A c

C X(I+1)-X(I)

IF (A*C.EQ.0.) GO TO 50

IF (A*C.LT.0.) IERR = 1

W = 2,%(A+C)-A*SB(I-1)

SB(I) = C/W

F =‘(Y(I*1)-Y(I))/C-(Y(I)-Y(I-1))/A
G(I) = (6.%F-A*G (I-1))/W

W C*(2.-SB(N=1))

YNP- (Y (N)-Y(N-1))/C

F
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EM(N) = (6.%P-C*G(N-1)) /W
po 30 I=2,N
K = Ne1-1
30 EM(K) = G(K)-SB(K)*EM(K+1)
SLOPE (1) = Y1P
DO 40 I=2,NO
43 SLOPE(I) = (X(I)~-X(I-1))/6.% (2., *¥EM(T)+EM(I-1))+(Y{I)-Y(I-1))/
T(X(I) =X (I-1))
SLOPE(N) = YNP
1F (IERR.EQ.0) RETURN
50 WRITE(NWRIT,1000)
WRITE (NWRIT,1720) N, (X{(I),Y(I),I=1,¥)
IF (IFRR.EQ.0) STOP
WRITE (NWRIT,1230)
RETURN
6C WRITE (NWRIT,1710)
WRITE (NHRIT,1220) N, (X(I),¥(I),I=1,N)
STOP
1000 FORMAT (1H1,10X,44HSPLISL ERROR -- ONE OF THREE POSSIBLE CAUSFS/
117%,5161. ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X, 38H2. SOME X POINTS ARE OYT OF SEQUENCE./
317X, 32H3., SOMF X POTNTS ARE UNDEFINED.)
101¢ FORMAT (1H1,10X,62HSPLISL ERPOR -- NOMBER OF SPLINE POINTS GIVEN I
1S LESS THAN TWO)
1020 FORMAT (//17X,18HNUMBER OF POINTS =,I4//17X,8HX ARRAY,6X,8HY ARR
1AY/(17X,2G13.5))
1030 FORMAT (1H1)
END

SUBROUTINE SPINSL(X,Y,N,Y1P,YNP,7,HMAX,YINT,DYDX,D2YDX?)
c
C--SPINSL CALCULATES INTERPOLATED POINTS AND DERIVATIVES
C--FOR A SPLINF CURVE
C--END CONDITION - FIRST DERIVATIVES SPECTIFIED AT END POINTS
c

COMMON RREAD, NWRIT

DIMENSION X (N),Y(N),Z (MAX),YINT (MAX),DYCX (MAX),D2YDX2 (MAX)

DIMENSION G (171),SB(1°1),ENM (101)

IERR = 0

TOLER= ABS (X (N)-X(1))/FLCAT(N)*1.E~5

C = X(2)-%(1)

IF (C.EQ.0.) GO TO 130

SB(1) = .5

F = (Y(2)-Y(1))/C-Y1P

G(1) = 3.*F/C

NO = N-1

IF (NO.LE.O) GO TO 14C

IF (NO.EQ.1) GO TO 20

Do 10 I=2,NO

A=C

C = X(I+1)-X(I)

IF (A*C.EQ.0.) GO TO 130

IF (A*C.LT.0.) IERR = 1

W = 2.%(A+C)-A*SB(I-1)

SB(I) = C/W
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= (Y(I+1) =Y (D)) /C-(Y{I)-Y(I-1)) /A
(I) = (6.*F-A*G(I-1)) /W
= C*(2.-SB(N-1))
= YNP- (Y (N) -Y (N-1)) /C

EM(N) = (6.*%F=-C*G(N-1)) /W

DO 30 I=2,N

K = Ne1-T
3C EM(K) = G(K)-SB(K)*FM(K+1)

IF (MAX.LE.J) SETURN

ENTRY SPENSL (Z,MAX,YINT,DYDX,D2YDX2)
DO 129 I=1,MAX
K=2
IF (ABS(Z(I)-X(1)).LT.TOLER) GO TO 40
IF(Z(I).GT.X(1)) GO TO 56
GO TO 80
42 YINT(I) = Y (1)
SK = X(K)-X(X-1)
GO TO 11¢
50 IF (ABS(Z(I)-X(K)).LT.TOLER) GO TO 5°
IF (Z(I).GT.X(K)) GO TO 70
GO TO 169
60 YINT(I) = Y(K)
SK = X(K)-X (K-1)
GO TO 110
70 IF (K.GE.N) GO TO 90
K = K¢1
GO TO 50
BC DYDX (I)
YINT (I)
D2YDX2 (I

= Y1p
= Y(1) +Y1P* (Z(T)-X (1))
) =0

GO TO 120
)

NP
Y (N) +YNP* (2 (I)-X(N))
=O-

90 DYDX(I)
YINT (I)
D2YDX2 (I
GO TO 120

100 SK = X(K)-X(K-1)
YINT(I) = EM(K-1)*(X(R)=-Z(I))**3/6./5K +EM(K)*(Z(I)-X(K-1))**3/6.
1 /SK#(Y(K)/SK <=-EM(K)*SK /6.) *(Z(I)-X(K=1))+(Y (K-1) /SK -EM(K-1)
2 *SK/6.)* (X(K)-Z(T))
110 DYDX(I)=-EM(K-1) % (X (K)-Z(I))**2/2.0/SK +EM(K) * (X (K=1) -2 (I)) **2 /2,
1 /SK+ (Y(K)-Y(K=1)) /SK = (EM(K)-EM(K-1))*SK/6.
D2YDX2(I) = EM(K)- (X (K)-Z(I))/SK* (EM (K)-EN(K-1))
120 CONTINUE o _
IF (IERR.EQ.0) RETURW
130 WRITE(NWRIT,1000)
WRITE (NWRIT,1020) N, (X(I),Y(I),I=1,N)
IF (IERR.EQ.0) STOP
WRITE (NWRIT,1030)
RETURN
140 WRITE (NWRIT,1010)
WRITE(NWRIT,1020) N, (X(I),¥(I),I=1,N)
STOP o .
1000 FORMAT (1H1,10X,U4UHSPINSL ERROR -- ONE OF THREE POSSIBLE CAUSES/
117X,5181.  ADJACENT X POINTS ARE DUPLICATES OF EACH OTHER./
217X,38H2. SOME X POINTS ARE OUT OF SEQUENCE./
317x,32H3. SOME X POINTS ARE UNDEFINED.)
1010 PORMAT (1H1,10X,62HSPINSL ERROR -- NUMBER OF SPLINE POINTS GIVEN I
1S LESS THAN TWO)
1020 FORMAT (//17X,18HNUMBER OF POINTS =,I4//17X,BHX ARRAY,6X,8HY ARR
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1AY/(17%,2G13.5))

1030 FORY
END

DATA 12 - AXIAL COMPRESSOR ROTOR - TINLET WHIRL - S5.I.

1.4
11 31
1 0
-0,0u5720
-0.091410
H.117866
-0.091410
0.,324612
-0.01521"
0.150663
0.286360
288,15
288.15

AT (1H1)

287,053

41

1

o.

-0.,040630
0.143012
-0.040630
0.315986
-0.015210
0.173766
0.299283

20

288.15

288.15

42,82988C -826.5498 H.99999

17 6

0.121920
0.010180

0.155448

0.010180
0.311140
-0.
0.193335
€.313121

288.15

288.15

6 11
0.167640
0.06099¢C
n,161300
n,06099C
C.308366

-0.
0.211318

-0.

288.15

1M 11
-0,
0.13719¢C
N, 164074
0.13719¢C
0,30733¢C
=1
0.228C51
-N,

28BR,15

UNI
0.01

15 4

-0,
0.213390
0,164592
0.213390
0.306568

-0,
n,243779
-0.
288.15

TS
0.5
1" 11

-0.

-C.

'00

-0,

-0,

0.

Ct.258€680
-0.
288,15

¢

2

.5

-n,

-n,

-n,

-0,

-0,

-r,
0,272857

-0,

88,15

101352.93 1¢1352.93 101352,93 101352,93 101352,93 101352.93 101352,93 101352,93
101352.93 101352,93 101352.93
-5,943600-15,136368-21,028152-25,746456-29,73324Mr~33,186624~36,23U624-38,953440
-41.400032-43,607736-45.796200 -0,

0.137199
0.164074
0.280690

0.137190
0.183703
0.292730

'0-
0.1997135
0.307330

'Oo
0.214793
-0.

-0,
-0,

0.229027
-9,

-0,
-0,

0.242€651
-0,

-0.

-0.
0.255727

-0.

-n,

-0,
¢,268uC7

-0,

129221.63 129221.63 129221,63 129221,63 129221.63 129221.63 129221.63 126221,632
129221.63 129221.63 129221.63
-16R.3715 -159.,1483 -153,3876 -14G.5227 -146.6027 -144.3655
~141,1803 -142,2349 -146.41717

-0.
9.067045
0,001305
J.666934
0.002751
0.066768
0.004231
0.066567
0,005713
0.066344
0.027170
0.066104
0.008562
0.065859
0.009889
0.065609
0.011142
0.065356
0.012245
0.065112
0.013208
0.064878
0. 155483
0.161696
n.17638%
0.180505
0.195265
0.197742
0.212607
0.213784
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c.c01128
0.078400
0.002325
0.078249
0.003683
0.077965
0.005092
0.077589
0.006515
0.077146
0.007926
0.C76656
0.0809280
0.076146
0.010577
0.075620
0.01189%6
0.075087
0.012899
0.07u4589
0,013839
0.074131
0.155588
0.162749
0.176450
_0.181215
0.195296
0.198176
0.212623
0.21393%7

0.006308
0.089707
0.0607352
0.089588
9.008551
0.089245
0.009809
0.088737
0.011091
0.088107
0.012370
¢.087389
0.013603
0.086626
0.014789
0.085829
0.015916
0.085017
0.916909
0.784261
0.017775
0.083574
0.155068
5.163796
0.176765
0.181927
0.195485
0.198613
0.212713
0.214208

0.013692
0.09R679
0.014539
0.098604
0.615512
0.098300
0.016559
0.097723
0.017640
0.096971
0.019730
0.n96088
n.0197846
0.095135
0,020809
0.094128
0.021786
¢.C93093
.022644
0.092132
0.023387
0.091260
0.156752
0.164628
0,177216
0.1824096
0.195755
0.198964
0.212841
¢.214378

0.022299
0.106u450C
0.022915
0.106534
N,023659
0.106226
0.,024469
0.105618
0.025319
0.104781
0,026187
f.10377¢0
0.027035
0,102663
0.N27861
0.101479
£.028654
0.100252
n,029348
0.09911C

n.n2g99ys

0.098(7¢6
0.15755¢C
f,165348
0,177742
n,182991
0.196071
©,199271
0.212991
~,214528

0.03327¢
6,111945
0,033637
0.112141
0.034101
n.111882
0.n34626
0,.111269
0.03519°
0,110385
0.035776
0.1093294
0,036354
0.108C82
0.036923
0.106776
0.037471
0.1C5414
0. 037947
0.1004145
0.038350
0.17299¢6
0.158566
0.165857
N,178u415
0.1833413
0,126475
D.193490
0.213183
n,2148635

-142.939¢ -141,8753

C.0u4422
0,112818
0.0uus79
n, 112984
0,ouu79y
0.112A91
C.Cus5C8"
0.112045
N,045336
N, 111129
0.0u456uC
G, 1100086
¢, 045604
0,13876%
N.NLGK24S
G.1070434
0.NusR36
N.106248
0.0uU678C
G,134759
0.046979
G¢.1Nn359%
0.159600
0,1659138
0.179102
0,183396
N, 19689¢
N.199522
0. 21338¢
0,214650

0,0557C2
-C.
¢,055695
-0,
C.055697
-0,
£.05571¢C
-,
0,055731
-0,
C.055758
-0,
n,055785
-0,
,055812
-0,
r.,155834
-3,
n,055839
-0,
0.058825
-0,
C.16NEUS
-0'
0.179RCH
-n,
f,197312
-C.
n,2135R2

-0,



5.228744
$.228888
0.243892
0.243208
0.258213
0.256873
0.271827
0.269978
0.28u824
0.282597
0.297289
0.294814
£.309276
3326740
-0.
0.099821
-0.013224
0.121676
-0.023111
0.1031390
-0.029779
0.104184
~0.03u282
0.1°4918
=5.037269
0.105407
=0.0390up
0.175681
=0.04¢C0C0
0,1C05799
-0.0u4n327
0.105799
-2.039946
0. 125641
-0.039%61
5.105270
0.002362
N.008862
0.0652173
2.CN7986
0.C223235
N.007318
N,701933
0.006799
2.601855
N,036397
0.001798
J.006087
7.001755
N.00s5855
0.001724
0.C35687
0.021705
0.00557%
0.00169y
0.0C5513
Z.001692
0.0725493
-0.01521)
=0.01521¢0
5.00
.80
C.0

0.2287u45
0.228914
0.243883
¢.243085
0.258196
0.256632
0.271804
0.2696u6
0.284799
t.282196
0.297259
0.29437)
0.3%9245
0.306286
0.603439
0.098149
-0.010074
J3.105831
~f.020171
0.111696
-0,0270618
0.116061
-0.031670
0.119344
-0.034785
0.121820
~0.036662
€.123592
=2.037711
0.124854
-0.038112
0.125732
=0.Nn37791
2.126119
-0.036953
0.12612¢0
C.C02624
0.008018
0.002395
0.007221
0.002228
0.036615
6.0N2103
0.006147
0.062009
¢.035784
¢.C21939
0.€05515
0.6n1887
¢.C05295
0.0218590
0.C0514¢
0.001827
0.005045
0.0n181u
0.004939
0.001811
0.004972
0.613207
¢.10
0.90
0.1

0.228756
0.22894¢C
0.243832
C.2429¢60
0.258095
0.256387
N.271664
0.269308
N.284630
0.281788
¢.29707¢
0,293917
0.309052
0.305823
9.018370
0.091503
0.004766
C.165819
-0.0051378
0.116741
-0,312353
0,124961
-0.217193
0.131259
-0.020532
0.136124
-0.022655
€.139731
~0.7223963
0.742437
-0.024628
C.104044¢
-0.024571
0.145548
-0.023993
0,1459¢2
0.003829
0.006572
C.0C3490
2.005924
0.003234
0.00543¢%
0.003036
¢.005¢58
0.902885
0.00u4765
0.702769
C.00u54¢
0.002683
0.,004372
0.002622
0.004250
0.702581
C.00u170
C.Jn2559
C.00u12y
0.002552
0.00u110
0.112819
0.163595
0.20
1.00
0.2

0.228772
0.22R951
0.2u3758
0.242859
0.2579%1
6.256188
N.271464
0.269032
0.2843818
0.281456
0.2968"2
0.293549
0.308776
G.305446
0.037211
0.082670
0.02391¢
¢.1r283¢0
0.014009
0.118239
0.007090
0.129922
8.002177
0.138962
-0.001322
0.146026
~0.003667
0.151345
-0.005234
0.155415
-0.0C6183
0,158498
-C.006431
0.160322
-0.C06149
D.161168
0.005310
0.C04975
0.604832
0.CCu504
N.0Cuusy
C.Co41us
0.004178
2.6C3870
0,003955
0.0C3656
6.0r3784
0,0C3492
¢.003655
0.003368
0.0G03563
£.003279
0.0035n2
¢.003220
f.r034€8
0.703186
0.003457
0.0"3175
fo137190
N.137149¢
C¢.3¢C

0.3

0.22879¢
6.22897¢
0.2u43671
0.242770
r.257781
¢.256012
0.27123+
0.268788
0.284106
0.281161
C.296u88
0.293222
N.3084%5
¢.305111
C.C58758
0.072427
0.0u3u14
£.n98063
0.03423¢
0.117703
0.027724
0.132681
0.023500
0,144355
0.019¢542
N,153552
0.017126
0.160545
0,015412
D.165964
N.014263
0.170124
0.113762
0.17267¢
0,013734
0.173978
0.C06707
0.003254
0.006094
0.70297¢
0.0C05618
0.002765
0.005246
0,002600
0.N04956
N,C02472
06.004732
".0n02373
0.0045863
0,002298
0.00444?2
0.002243
n.004361
0.002207
0.00431¢
0.00218¢€
n.00u301
0.002180
‘Ol
-0.
0.49

7.4

0.228814
0.228993
0.203560
0.2U2706
0.257563
n.255885
0.270930
0.268613
£.28374y
0.280949
£.296085
0.292987
C.3CR042
n.3NLBTQ
0.074409
0.063700
0.064167
0.0938u0
0.056558
N.116%68
0.051073
0.133747
0.047005
0.1587433
0.043942
©N.158271
0.041714
0.166562
0.040050
0,173032
0.038847
0.178039
0.038175
0.181170
0.027894
0.182840
0.00BCO7
0.0r1838
0.107261
0.001723
0.N06682
9.001632
€.n06228
0.001560
0.005874
0.001502
€.005601
0.0r1457
0.005394
0.001422
0.005246
n.0011397
C.005147
0.001379
0.065092
€C.001369
0.005C72
0.001366
-0,
-0,
0.50

0.5

0.228R18
0.,22899y
0.243445
0.242697
0.257329
0.255869
N.270621
0.268591
0.283270
0.280923
0.295672
0.292958
0.307618
0.374841
0.087979
0.162213
0.080826
0.092668
0.075521
0,116000
0.071641
n.133841
0.068698
0.147798
0.066421
N, 158843
C.N64700
0. 167290
0.063351
0.172882
0.062317
C.178986
0.061644
0.182184
0.061235
£. 183900
0.N08R09
0.021613
0.997972
0.001535
2.007324
0.00147¢
0.006818
0.001417
0.006423
0.001373
G.006119
0.091339
n,005889
N, 001311
N.005723
0.001292
0,005613
0.001277
0.005550
0.001269
0.005530
0.001267
-0,

-{).

n.60

006

0.228862
-0,
0.243328
-0,
€.257109
-n,
¢.27303
-0,
N,282988
-,
C.295248
-0,
0.307184
-0,
G.096447
0.093339
0.091061
0.0R9362
0.088021
0.0869225
0.086037
0.085277
0.,084€42
0.084141
¢.0813735
C.0n"g11n
€.078226
n.007545
C.007¢15
0.006604
C.0n6286
0.0%6747
0.005875
t.005760
0.005695
n,005675
-n,
-n,

LD

N7
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APPENDIX A

FINITE-DIFFERENCE FORM OF STREAM-FUNCTION EQUATION

The stream-function equation was derived as equation (B17) of part I (ref. 6):

2 2 . ' '
uJ,M_@(MJrliE,Ll_ae-ife)_ﬂ(@iz+l@+l§e+éﬂ)
32 atZ 98\ r Bds pos ot gt\ r Bad pat 9s
W, 3(rV,)
+IBp | 9 6+‘§W2+C+Ft =0 (A1)
WWS r ot
where
g-1fB_zpr_ 1 om (a2)
2\lep' ot T ot
p
C = (4)21' cOoS qp - EI.'_'QP_'_' (A3)
p” at
Ft:i.l_al? (A4)
ot p 36

Equation (A4) was derived as equation (B5) of part I.

The s and t are the distances along the orthogonal mesh generated by the program.
At each point of this mesh where the value of the stream function is unknown, a finite-
difference approximation of equation (A1) can be written. Adjacent to the boundary, the
boundary conditions are included. If there are n unknown values, n nonlinear equations
are obtained in n unknowns. The equations are nonlinear since the coefficients involve
the density, which depends on the solution, and since the final term depends on the solu-
tion in a nonlinear manner. The equations may be solved by an iterative procedure, with
two levels of iteration. The inner iteration solves a linearized equation, and the outer
iteration makes corrections to the linearized equation so that the solution converges to the
solution of the original nonlinear equation.

A typical mesh point with the numbering used to indicate neighboring mesh points is
shown in figure 24. The value of the stream function or the other variables at 0 is de-
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Figure 24. - Notation for adjacent mesh points and mesh spaces.

noted by using the subscript 0, and similarly for the neighboring points. It can be shown
that equation (A1) can be approximated by

2u1 2u2 i 2u0 2u3 2u4 2u0

- + + + -
hl(hl + hZ) hz(h1 + h2) h1h2 h3(h3 + h4) h4(h3 + h4) h3h4

U, - U, |sin ¢ B,-B Py =P
M o+_1_<4_3_)+1<4_3_>-(m)
h,+h ry B0 h3+h4 Po h3+h4 ot 0

3 4
u, - u,jcos @ B,-B Doy - P
(2 m 0+_1(_2_1>+L(2 1)(@9)

B (Wg)
. To 0‘30[ g o'—a(rVQ) . £0W(2) + 8o+ (Fy) > =0 (AS)
w(ws)ol ro l_ o |, 0

where a(rVe)/ ot is calculated by different methods upstream, downstream, and within
the blade row. Upstream and downstream of the blade, equations (B21) and (B22) of
part I are used. Within the blade row, a finite-difference approximation is used with
values of V, from the previous iteration. The final result to be used in equation (A5)
is
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rv o
ot

raBno, (We)

20700 sy (ﬂ) upstream
w du 0

ro(Vg), - r(V )]

[2 92" 1761 within blade row (A6)
h1 + h2

roBgoo(Ws) 0 'd(rVG) 0-'

@ o

downstream

w
~

In setting up the equations for solution, the coefficients of the u; in equation (A5)
must be calculated. This was done by expressing equation (A5) as

4 :
ug = E:I aiui + kO
1=

where the coefficients are calculated as follows:

(A7)
ao = —-2_— .—2__ )
hihy hghy
Cl = hl + hz
(sin ¢, - sin ¢
4 3 i |cos ¢4 = Va
Cy COS @ 2
CoS @, - €OS @
3 ST, |cos ¢y <ﬁ
Cq Sin %0 2

(continued)
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("sin Pg - sin P4

¢, €05 ¢

CcOS (pl - COS (pz
L Cl sin (po

By-B1 P2-Py

0 Po

if |cos @g| =

if |cos ¢yl <

) as

B [ sin ¢
c2 ry ot 0
2 + d1
hy
a.l =
%1
A_dl
hy
32 -
3¢
2 + d2
hg
a.3 =
20¢2
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roBoPo (we)oBopo(ws)o dr 2
_> + gOWO + CO upstream
aow(W 8) w du 0
0

b

roBovo :(W")o ry(Vg), = 1(Vg) ]

ao""(""s)0 B cy )

( )
Wg) BopoWg) [aevg)

+ EQWa + Ly + (), within blade row

roBoPo
agw w S)O w du

+ Eowg + & downstream

~ L

(A9)

Equation (A8) is written in the form corresponding to the calculation of the coefficients
in subroutine COEF. The constant ko is calculated from equation (A9) in subroutine
COEF. The quantities ¢ and { are calculated in subroutine NEWRHO from equations
(A2) and (A3). The quantity F, is calculated in subroutine BLDVEL when the blade
surface velocities are calculated. The quantities dr/du and d(rVe)o/du are calculated
by subroutines LAMDAF and RVTHTA when they are called by NEWRHO to calculate A
or (rVe)o.

Equation (A8) is used at all interior points of the mesh region. Along the bound-
aries, the boundary conditions give different coefficients. The stream function is known
to be 0.0 at the hub and 1. 0 at the shroud. At the upstream and downstream boundaries,
the boundary condition is that the normal derivative of the stream function i{s zero. The
finite difference expression for this is '

Ug = Uy on the upstream boundary
Uy = Ug on the downstream boundary

Since the coefficients for these equations do not depend on the solution, they are speci-
fied in subroutine INIT.
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APPENDIX B

MATCHING UPSTREAM AND DOWNSTREAM FLOW CONDITIONS

TO STRBAM-FUNCTION SOLUTION

The work done by each blade row is determined by the change in whirl along stream-
lines. That is,

H, - H =w [(rve)o l— ] , (B1)

In this program, whirl can vary as desired from hub to tip, but for each streamline the
work done is determined by equation (B1). Also, the equation relating velocity W to
teniperature and density requires knowledge of upstream total temperature and whirl for
that particular streamline. For this reason, itis most desirable to express upstream
and downstream conditions as a function of stream function rather than radius. However,
if exp'er'i'mental data are being used, measurements are obtained as a function of posi-
tion or radius. In this case the stream function is not known, but the distribution by
radius can be used for input to the program. Then by estimation and iteration the cor-
rect distribution by stream function will be obtained.

If whirl is given as a function of stream function as input (i.e., LSFR =
LAMVT = 0), no changes need be made after the first initialization. If tangential veloc-
ity Vg is given as input (LAMVT = 1), certain subroutines must be reinitialized in
every iteration. There are two possibilities: one that Vg is given as a function of
stream function (LSFR = 0), and the second that V, is given as a function of radius
(LSFR = 1). In either case, what is needed is the relation between stream function and
radius along the input lines. This relation is determined by the stream-function solution
obtained by SOR. In each iteration, then, reinitialization calls are made by LOSSOM
if LAMVT = 1. If LSFR =0, SFIN and SFOUT are given as input, and RADIN and
RADOUT are corrected by the initialization calls to LAMNIT and RVTNIT. If LSFR = 1,
RADIN and RADOUT are given as input, and SFIN and SFOUT are corrected by the same
calls. In either case, SPLINT calls are made to readjust the spline-fit coefficients for
all four subroutines - LAMDAF, RVTHTA, TIPF, and RHOIPF.
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APPENDIX C

CALCULATION OF PARTIAL DERIVATIVES OF THETA ON ORTHOGONAL MESH

In the THETOM subroutine, 26/3s and 86/8t are calculated at the orthogonal mesh
points that lie between the leading and trailing edges of the blade. The information
needed to make this calculation exists as 6(z, r) on the input blade sections. The
THETOM procedure is designed so that an accurate calculation is maintained in the
transition from input blade mesh to orthogonal mesh.

The orthogonal mesh on a typical blade is illustrated in figure 25. Note that some
of the t mesh lines cross the leading and trailing edges of the blade. To alleviate the
problem of calculating 6-gradients on this mesh, they are first obtained on an alternate
mesh, shown in figures 26 and 27, of s'- and t'-coordinates. Then, by interpolation,
36/0s and 36/t are obtained at the desired orthogonal mesh points.

There are several reasons why it is convenient to use an alternate mesh to calcu-
late 96/0s and 36/at. First, there are usually not sufficient input planes or points

—Normal or "vertical"
orthogonals

| — Streamwise or "horizontal"
orthogonals

I\ ~Lines at 5 percent, 10 per-
cent, etc., of chord

Figure 26. - Semi-alternate mesh with S-percent-chord hub-
shroud lines.
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to permit an accurate direct calculation of 08/0s and 06/dt using the input blade-
section pomts alone. Second, corresponding points on adjacent input blade planes are
not requ1red to fall on smooth curves from hub to shroud. Finally, the angle ¢ is
known only on the orthogonal mesh, and not at input points, so that 86/2s and 098/0t
cannot be obtained directly at the input points and then interpolated to the orthogonal
mesh. Therefore, a fine-grid alternate mesh is used on which 00/0z and 08/9r are
calculated. These are then interpolated to the required orthogonal mesh points and
transformed to 36/8s and 96/dt. Note that it is more accurate to calculate partial
derivatives first and then interpolate and transform the partials to the s- and t-
directions, than it would be to interpolate 6 itself from the input mesh to the orthog-
onal mesh and then calculate the partials along mesh lines.

The step-by-step procedure to obtain 96/0s and 06/0t is as follows:

(1) Calculate rotated z-coordinates (ZPC) of points along the input blade sections
at 5-percent-meridional-chord locations, that is, at the semi-alternate mesh points of

~~~~~~

~Lines at 5percent, 10 per-
cent, etc. of hub-shroud
1 spacing

Hi ~ Lines at 5 percent, 10 per-
il cent, etc. of chord

Figure 27. - Full alternate mesh on which gradients of 8 are
obtained.

+ “bs

Figure 28. - Relation of semi-alternate mesh to z- and
r-directions.
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figure 26.

(2) Use SPLINT calls along each input blade section to obtain corresponding rotated
r-coordinates (RPC) and angles with respect to the unrotated z-axis Opg (fig. 28).

(3) Calculate arc length SZRBL along each input blade section (sbs direction) using
the ZBL, RBL coordinates.

(4) Calculate arc length SZRPC along the same blade sections using the calculated
ZPC, RPC coordinates of the semi-alternate mesh.

(5) Use SPLINT calls in the sbs-direction (or SPINSL if BETALE and BETATE
are specified) to calculate 6 and 98/ asbs at the ZPC, RPC points from known 6 at
the ZBL, RBL points.

(6) Use SPLINT calls in the Sp,g-direction to calculate blade thickness in the 6-
direction (TTPC) at the ZPC, RPC points from TTBL at the ZBL, RBL points. This con-
cludes the calculation of variables at the semi-alternate mesh points of figure 26. ’

(7) A procedure is then begun to obtain required distances, angles, and gradients on
a finer grid of points along the lines in the t'-direction, that is, at the points of the full
alternate mesh of figure 27. Store values of z, r, 6, blade thickness, @y and
08/ 38, into arrays along the t'-lines.

(8) Calculate arc length SZRBL along the t'-lines using the ZPC, RPC coordinates
(stored for each line in ZPCT1, RPCT1).

(9) Calculate r-coordinates (RPCT2) of points along the t'-lines at 5-percent dis-
tance increments from hub to shroud (where s' and t' cross, fig. 27). Use SPLINT
calls to obtain corresponding z-coordinates (ZPCT2).

(10) Calculate arc length SZRPC up the t'-lines using the ZPCT2, RPCT2 coordi-
nates of the full alternate mesh. Also calculate angles with respect to the unrotated
r-axis oy, (fig. 28).

(11) Use SPLINT calls in the t'-direction to obtain 6 and 96/at" at the full al-
ternate mesh points (ZPCT2, RPCT2) from known 6 at the semi-alternate mesh points
(ZPCT1, RPCT1).

(12) Use SPLINT calls in the t'-direction to obtain Opgs 69/8sbs, and blade thick-
ness at the full alternate mesh points (ZPCT2, RPCT2) from known values at the semi-
alternate mesh points (ZPCTI, RPle).

(13) Store calculated values of z, r, 6, blade thickness, @},gr and ae/asbs at the
full alternate mesh points into two-dimensional arrays ZPC, RPC, THPC, TTPC,
ANGZ, and DTHDSP. This procedure, from step 7 to step 13, is executed for each of
the t'-lines of the alternate mesh.

(14) Calculate 96/0z and a'e/ar from 89/asbs and 096/3t' at the s'- and t'-
points of the full alternate mesh with the following equations:
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9z 084 cos(azbS + at.) ot' cos(ozbs + at.)

(C1)

20 _ _ 28 sin oy, L2 CO8 (o
or 38yg cos(ay g + at.) ot cos(abs + at.)

(C2)

(The 986/9z and 06/dr gradients are the ones that will be interpolated back to the
orthogonal mesh and then transformed to get 26/9s and 06/0dt.)

(15) Interpolate, by using LININT calls, from 36/0z and 236/3r onthe s'-t'
alternate mesh to obtain 96/0z and 36/dr on the orthogonal mesh points that lie
between the leading and trailing edges of the blades.

(16) Transform the 06/9z and 26/dr to obtain 20/9s and 36/dt at the ortho-
gonal mesh points within the blade (fig. 25). The following equations are used:

96 _ 98 06

Z=—cosgp+—sing (C3)
8 0z or
...9.=.a_e..cos(p--@ﬁsin(p (C4)
ot or 0z
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APPENDIX D

INCOMPRESSIBLE STREAM-FUNCTION EQUATION

The stream-function equation is modified slightly for incompressible flow. The
only terms that must be altered in equation (B14) of part I are the two terms 9I/at
and T ds/dt. Since it is assumed that there is uniform total pressure upstream and no
total pressure loss, 9s/ot = 0. By definition, I = H; - wx. For uniform upstream stag-
nation conditions, Hi is constant, so that

a2 (D1)
at ot

For incompressible flow, equation (D1) is used instead of equation (B16) of part I in

equation (B14) of part I. The result is that equations (A1) and (A4) are unchanged and
equations (A2) and (A3) are replaced by '

£=0 (D2)

t=w (D3)
ot

However, in the program, the variable ZETA is not used for this purpose, but w o/at
is added at the proper point in subroutine COEF.
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APPENDIX E

GENERATION OF LEADING- AND TRAILING-EDGE RADII ON

TSONIC BLADE SECTIONS

In the TSONIN subroutine, blade-section geometry along streamlines is calculated
for input to the TSONIC program (ref. 3). In this process, leading- and trailing-edge
radii must be generated within the blade-coordinate envelope used in MERIDL.

The blade envelope in the leading-edge region along a streamline for MERIDL is
shown in figure 29. The envelope has thickness at the leading edge, which is the way
blockage is modeled in MERIDL. The points wiiere the meridional streamline is inter-
sected by MERIDL vertical orthogonal mesh lines are also indicated. These are pro-
jected in the #-direction to the blade surfaces to obtain potential TSONIC input points,
as shown in figure 29. Some of these points near the leading or trailing edge will later
be eliminated.

Subroutine TSONIN calculates a leading-edge radius within the envelope of fig-
ure 29, as shown in figure 30. This leading-edge radius touches three sides of the
blade-section envelope and is entirely contained within it. The technique for calculating
this radius is as follows. A similar technique is used at the trailing edge.

(1) Calculate the r-coordinate at the leading edge of the blade section e This
Tle will be used for ali points in the leading-edge region, not just those at A and B.

(2) Initially set a counter (ICOUNT) to zero and a damping factor (DAMP) to 1.

Input points
for TSONIC ~
7

- ml —
{‘ 7 -——Suction

surface .~
tangency
point (1)

“Pressure surface tangency
point (2}

Figuire 0. - Envelope of biade surface coordinates with respect to TSONIC
origin.
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,rMean camber line

Potential TSONIC

input points—
\
A

1

re

— M

l‘—Refertmce 8 (THLESL) used
by TSONIN

\

k)

- Points where meridional streamtine is inter-
sected by MERIDL vertical mesh line

Figure 29. - Envelope of blade surface for MERIDL flow model

(3) Initially estimate the tangency angles By and B, (at points 1 and 2, fig. 30)

from the slopes of the two blade surfaces at their end points (A and B in fig. 29).
(4) Initially estimate a leading-edge radius, RI, using 6-coordinates at points A

8 +
B c05(51 2 Bz)

2

and B:
Rr - 1A " Tl
(5) With the estimated RI, calculate m-coordinates of tangency points from (fig. 30)
m, = RI[I. - sin(Bl)]

m, = RI[1.+ sin(ﬁz)]

(6) With SPLINT calls on each of the blade surfaces and m, and m,, calculate new
estimates of the tangency point #-coordinates 91 and 92 and surface slopes d91/dm

and d92/dm at these points.
(7) Using e and the surface slopes, calculate a new estimate of the tangency
213
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-1 T1e 991

B4 = tan
1 dm

6, = tan~1 [le ddy
2 dm

(8) Estimate new leading-edge radius, using updated tangency point 6-coordinates
and g's:
1ef1 - T1ef2
Cos B4 + COS Bg

Rljew =

(9) Check relative change in RI. If tolerance is met, RI is set to Rglew and ac-
cepted. If the tolerance is not met, RI is recalculated as follows:

_ (DAMP)(RD + R,
DAMP + 1.

RI

and the iteration loop from steps 5 to 9 is repeated.

If the calculated RI ever becomes negative in this procedure, DAMP is incremented
by 1 and the process is begun again at step 3. The counter ICOUNT is incremented by
1 for each loop through steps 5 to 9. I ICOUNT reaches 100, an error message is
printed and the current value of RI is accepted. , ’ '

The leading-edge radius calculated by this process will be that shown in figure 30.
The TSONIC origin in this figure is at point T, and the MERIDL origin is at point M.
The A8 from point M to point T is calculated as follows:

6, cos + 84 COS
Ag - 1608 Bg* Up COB Ry

COS B4 + COS Bg

and is subtracted from the surface coordinates relative to MERIDL origin to obtain
those relative to TSONIC origin.
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APPENDIX F

CALCULATION OF CHANGE OF DENSITY DUE TO BLOCKAGE AT BLADE

LEADING OR TRAILING EDGE

For the transonic velocity-gradient solution, incidence and deviation corrections to
the assumed midchannel stream surface are made near the leading and trailing edges,
as described in appendix F of part I. There is no correct existing value for the density
within the blade row to use in this process. However, this density, Ppg> can be calcu-
lated from the free-stream density Peg by making a blockage correction with the con-
tinuity equation. Iteration is required to solve the equation involved in this calculation.
This calculation is done in subroutine LINDV.

From the assumption of continuous angular momentum and from continuity across

the leading and trailing edges (but allowing Wm to be discontinuous), the following
equation is derived as equation (F1) of part I

p B
tan gy . = i .le )tan Bt (F1)
Ps Pitch

Also, from continuity, we have

(oW cos B)fs (Pitch) = (pW cos mbf B,

By using the relation coszﬁ =1/(1+ tanZB), we can solve for ng to obtain
2
1+ tan 2

f
(1 tanly) oy Bfe

Finally, be is related to Pps by the relation

1/(y-1
le)f + 2wA - (wr)2 /tr-1)

ZCpTi

Pyt = p{(l - Ploss) |1 - (F3)

where
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Pltea - P"
pi&eal

Ploss =

Equations (F1) to (F3) can be solved iteratively. The procedure to be used depends,
however, on whether the meridional component of velocity is subsonic or supersonic.
Also, it should be noted that with high subsonic velocity (Wm)fs’ ‘there may be no solu-

tion possible for(me)bf, especially with large blockage.
The equations used for the iterative solution are as follows: Let

(tan 8,_.)B
kl - f-s le (F4)
pfS(Pltch)
2
Pitch
PtsWis —
B1e
k2 = 5 (F5)
1+ tan"g,

In the program code, k; is the variable CONST1 and k, is CONST2. For the initial
estimate in the iteration, use py¢ = Psg which is already known.

The usual case is when Wm is subsonic. In this case the sequence is to calculate
tan 8¢, then le)f, followed by the new p,.. The equations for this (from eq. (F1)
to (F3)) are

tan Bpr = K1ops (F6)
. kz(l + tanzﬁbf)
Wi = (F1)
2
Pt
1/(v-1)
Wtz)f + 2w - (wr)2 7t

(F8)

Pt = pi'(l - Ploss) {1 - -
20pTi

Equations (F6) to (F8) are then iterated. This will converge to the subsonic solution if

it exists.
The other case is when Wm is supersonic. In this case the sequence is reversed

to calculate Wg , followed by the new p,.. The equations for this (from eq. (F1)
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to (F3)) are

y-1
2 Ppt 2
Wee =1~ | —2 2¢_T! - 2w\ + (wr) (F9)
bf , [p{(l - Ploss)] pi

(F10)

Equations (F9) and (F10) are then iterated. This will converge to the supersonic solu-
tion if it exists.

Since the procedure depends on whether Wm is subsonic or supersonic, Wm is
checked to deternrine which procedure to use. Actually, we want to know the value of
W, that corresponds to the maximum value of pW, . This occurs when
d(me)/dWrn = 0. By differentiating

1/(r-1)
w2 s w24 20 - (wr)?
PWy, =pf (1 - (1- Ploss)Wm
2c¢_T!
p1
we obtain
W) w2
—— =p(1 - Ploss) [1 - —————|=0
aw, . | (y - 1)cpT
Hence,
(wﬁl) = yRT (F11)
sonic
as expected. But
2 2
T =T - Wm + We
Zcp

Substitute this into equation (F11) and solve for W, to obtain
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_ [2yRT" [y - I\g2
(W) = -( )w F12
m sonic v+ 1 y+1 8 ( )

In subroutine LINDV, (W), .. is calculated by equation (F12). H (W), is less
than (Wp,) gonic’ €duations (F6) to (F8) are used to calculate p,. iteratively. And if
(Wm)fs is greater than (Wp,) sonicr €duations (F9) and (F10) are used. In either case a
solution may not exist because the blockage is enough so that (me)bf is larger than
(oW gonic- In this case an error message is printed and py 18 set equal to p.
Calculation will proceed but may be inaccurate.
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APPENDIX G

LINEAR INTERPOLATION IN A QUADRILATERAL |

There are several instances where it is required for the program to :i'nt"er.polate ,
from a two-dimensional array of values on a grid. If the grid were rectangular, this
would be stfaightforward. However, usually this is not the case. In most cases the
grid is a rectangular grid that is deformed like a né!: that has sffetéhed out of shape.
Thus, each region has four sides, but the corners are not necessarily right angles.
The method of interpolation is the simplest possible. First, we find the particular
quadrilateral containing the point, as shown in figure 31. All that is necessary is to
interpolate linearly within the quadrilateral. The interpolation is linear along the
boundary and between corresponding points along the boundary.

An illustration should clarify the manner of interpolation. Suppose it is desired to
find the value at point P in figure 32. It is assumed that values of the function are
known at the corner points A, B, C, and D. The function values at these points will
be designated F A FB, FC’ and FD' Suppose that the point P lies on a line between
points three-quarters of the way along AB and CD, as shown. Also suppose that P
lies on a line between points two-thirds of the way along BD and AC, as shown. Then,
we can interpolate linearly along AB and CD, followed by linear interpolation along
the vertical line through P. H F is the interpolated value of P, we obtain

Quadrilateral
containing point~_

interpolation
is desired

Figure 31, - Typical mesh region,
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_—Interpolation
point, P

Py

Figure 33. - Typical quadrilateral.

The same result is obtained if we interpolate linearly along BD and AC, followed by
linear interpolation along the horizontal line through P.

Figure 33 shows a quadrilateral containing a point P0 where it is desired to inter-
polate. It is assumed that the values of the function to be interpolated are known at the
four corners and that the coordinates of the point P0 are given. The function values
are denoted by z, and the coordinates by x and y. Subscripts are used to indicate
the point. There are 14 values required to perform the interpolation: the coordinates
of the four corners (eight values), the coordinates of the interpolation point (two values),
and the function values at the four corners. I these 14 values are known, an equation
for linear interpolation can be derived.
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Py

Figure 34, - Typical quadrilateral with
interpolation tines.

Figure 34 shows the same quadilateral as figure 33 but with the added lines P5P6
and P7P8. The line P5P6 passes through the point P0 and is chosen so that
P1P5:P1P3 = P2P6:P2P4. Similarly, P7P8 passes through P, and P1P7:P1P2 =
P3P8:P3P4. Now let

f, = — (G1)

P,P
f =.£ (G2)

V. PP,

The coordinates of any point Pi will be designated by (xi, yi). The difference of

any two x or y values will be designated by Xij =X - xj or yij =y; - yj. Thus,

X ¥, X y '
f =251 _Y51 _Zs2 Ve (G3)
%31 Y31 Rg2 Y49

The equation of line P5P6 is
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By using equation (G3), Y50 Ygr X5 and Xg can be expressed in terms of fy and the
known values. For example,

V5 =¥y +¥51= V1~ g3
In a similar manner, we obtain
V5 = V1 - Iy¥13

Yo =Yg + iyVag
- (G5)

x6=x2+fyx42 )
By substituting equations (G5) into (G4), we obtain

Y-y +i¥13 Yat+fVp - ¥y +iVyg (G6)
X~ X+ fyx13 Xg + fyx42 - Xy 4+ fyx13

This line passes through PO’ s0 when x = Xg ¥ =Yg When this substitution is made
and we multiply through by the denominators, we obtain a quadratic in fy:

af‘;z,+bfy+c=0 @n
whereﬁ )
a=VY13%42 " *13%42 )
b =X;3¥02 -~ Y13%02 + Yo1%42 ~ %0142 ( (G8)
€ =Y01%21 ~ *01¥21 J

In a similar manner, we can obtain a quadratic in f_:
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aff +bf, +c=0 (G9)
where
a=Y12%43 ~ *12Y43 ]
b = X15%03 ~ Y12%03 * Y01%43 ~ 01743 (G10)
€ =Yo1*31 ~ *0131 )

K a#0 in equation (G7) or (G9), there are two solutions for fx or f_. However,
there will be only one value between zero and 1. When two sides are parallel, a will
be zero and only one solution exists. Caution is needed when a is not zero but is very
small. In this case there is one and only one solution between zero and 1; but if the
usual quadratic formula is used, the answer will be inaccurate. The solution, however,
can be accurately calculated by using a binomial expansion.

If we let f represent either f  or f - the solution to either (G7) or (G9) can be
written as

-2 (14 4f1-22C (G11)
2a b2

When a is zero or small in magnitude, we want the root that is closest to zero. This is
obtained by choosing the minus sign for the last term. Now we expand

(1 } _4_%) /2
b2
by the binominal series, to obtain

1/1 _tac_y fac_2a%? 4a’’ 1ea%et (G12)
p2 p2  p? b8 b8

for |4ac| < b2, Substituting equation (G12) into equation (G11), with the minus sign,
gives
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f=-% 1+£+2a2c2+5a3c3+_.. (G13)
b b2 b4 b6

Equation (G13) is used when ac/'b2 is small. Otherwise, the usual quadratic formula

is used. In the program (i.e., in subroutine LININT and also in subroutine CONTIN),
equation (G13) is used whenever |4ac| = b2/100. Only three terms of the series are
used, the term 5a3c3/b6 is dropped. This leads to a maximum relative error of less
than 10™7. When |4ac| > bz/ 100, the quadratic formula will lose no more than two or
three decimal places in accuracy.

There is one further point that must be considered. Up to this point, it has been
assumed that the interpolation point is within the overall grid area, and thus we only
need to interpolate within a quadrilateral. However, there are cases where extrapola-
tion is necessary. In this case, the nearest quadrilateral is identified, and extrapola-
tion is used. The procedure is similar, but one of the f's must be either negative or
greater than 1. The problem, then, is to determine which f to use. Since the direc-
tion of the extrapolation is known, it is known whether f is negative or greater than 1.
For example, suppose it was necessary to extrapolate below the bottom of the grid area.
Then f_ must be negative. If only one of the two possible values is negative, the ques-
tion is settled. If both are negative, the larger value (closest to zero) is used.

After both fx and f_ are obtained, the linear interpolation can be performed to
obtain Zg- Linear interpolation along P1P2 and P3P4 is followed by linear interpola-
tion along P7P8' These interpolations are calculated by

Zg = 2g + fx(z4 - z3)
Zg =2+ fy(ZB - z7)
Combining these equations, we get

zg =241 - L)1 - fy) + 28 (1 - fy) + 24(1 - fx)fy +z 4fxfy (G14)
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APPENDIX H

SYMBOLS

coefficients for finite-difference equations
tangential space between blades, rad
blade-to-blade streamsheet thickness
specific heat at constant pressure, J/(kg)(K)

vector normal to midchannel stream surface and proportional to tan-
gential pressure gradient, N/kg
absolute total enthalpy, J/kg
rothalpy, cpT; - WA, metersz/sec
constants for finite-difference equations

2

meridional streamline distance, meters
pressure, N/meter2

gas constant, J/(kg)(K)

radius from axis of rotation, meters

radius of curvature of meridional streamline, meters

distance along orthogonal mesh lines in throughflow direction (fig. 25),
meters

temperature, K

distance along orthogonal mesh lines in direction across flow (fig. 25),
meters

normalized stream function

absolute fluid velocity, meters/sec

fluid velocity relative to blade, meters/sec
W at next point, meters/sec

first estimate of Wj +1 meters/sec
second estimate of Wj L1 meters/sec
mass flow, kg/sec

axial coordinate, meters
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a angle between meridional streamline and axis of rotation (fig. 4, part I), rad
B angle between relative velocity vector and meridional plane (fig. 4 partI), rad
Babs angle between absolute velocity vector and meridional plane

Y specific-heat ratio

¢ coefficient in stream-function equation, defined in eq. (A3), meters/sec2
0 relative angular coordinate (fig. 4, part I), rad

A prerotation, (rVg)i, metersz/sec

¢ coefficient in stream-function equation, defined in eq. (A2), 1/meter

p density, kg/meter3

@ angle between s-coordinate line and axis of rotation (fig. 25), rad

Q overrelaxation factor

w rotational speed (fig. 4, part I), rad/sec

Subscripts:

av average blade-to-blade value

b blade

bf blade flow

cr critical

fs free stream

hub  hub

i inlet

L blade surface facing direction of positive rotation

le leading edge

m component in direction of meridional streamline

mid  midchannel

o outlet

r component in radial direction

s component in s-direction

t component in t-direction

te trailing edge

tip  tip
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tr blade surface facing direction of negative rotation
z component in axial direction
8 component in tangential direction

Superscripts:

' absolute stagnation condition

" relative stagnation condition
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